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Preface 
The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based 

Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and 
private-sector organizations in their efforts to improve the quality of health care in the United 
States. These reviews provide comprehensive, science-based information on common, costly 
medical conditions, and new health care technologies and strategies.  

Systematic reviews are the building blocks underlying evidence-based practice; they focus 
attention on the strength and limits of evidence from research studies about the effectiveness and 
safety of a clinical intervention. In the context of developing recommendations for practice, 
systematic reviews can help clarify whether assertions about the value of the intervention are 
based on strong evidence from clinical studies. For more information about AHRQ EPC 
systematic reviews, see www.effectivehealthcare.ahrq.gov/reference/purpose.cfm  

AHRQ expects that these systematic reviews will be helpful to health plans, providers, 
purchasers, government programs, and the health care system as a whole. Transparency and 
stakeholder input from are essential to the Effective Health Care Program. Please visit the Web 
site (www.effectivehealthcare.ahrq.gov) to see draft research questions and reports or to join an 
e-mail list to learn about new program products and opportunities for input.  

We welcome comments on this systematic review. They may be sent by mail to the Task 
Order Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, 
Rockville, MD 20850, or by email to epc@ahrq.hhs.gov.  
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Diabetes Medications for Adults with Type 2 Diabetes: 
An Update Focused on Monotherapy and Add-On 
Therapy to Metformin 
Structured Abstract 
Objectives. The objective of this updated systematic review was to evaluate the comparative 
effectiveness and safety of monotherapy and metformin-based combination therapy comparisons 
most relevant to patients, clinicians, payers, and other decisionmakers. 
 
Data sources. We searched MEDLINE®, Embase™, and the Cochrane Central Register of 
Controlled Trials (CENTRAL) for English language articles. We used the search developed for 
the prior review (2011) with the date restrictions of April 2009 through July 2014. We also 
evaluated unpublished data from the Food and Drug Administration medical reviews.  
 
Review methods. Two reviewers independently reviewed titles, abstracts and full text articles to 
identify studies that assessed intermediate outcomes (e.g., hemoglobin A1c [HbA1c]), long-term 
clinical outcomes (e.g., all-cause mortality), and safety (e.g., hypoglycemia) for monotherapy 
(metformin, sulfonylureas, thiazolidinediones, DPP-4 inhibitors, GLP-1 agonists, and SGLT-2 
inhibitors) or metformin-based combination therapy (metformin plus any other class) 
comparisons of interest . Two reviewers sequentially extracted data from the included articles 
using standardized protocols and evaluated study risk of bias independently. 
 
Results. We included 229 studies.  Cardiovascular mortality was 37 to 50 percent lower with 
MET vs SU monotherapy; cardiovascular morbidity was also lower for metformin versus SU.  
All-cause mortality and cardiovascular morbidity were similar for metformin compared to 
pioglitazone.  All-cause mortality was also similar for metformin vs. MET plus a DPP-4 inhibitor 
and MET plus an SGLT-2 inhibitor.  The evidence was of low strength or insufficient for 
congestive heart failure, cancer, lactic acidosis, and microvascular outcomes.  For intermediate 
outcomes, most monotherapies had similar HbA1c reductions (1 absolute percentage point) 
except for metformin which lowered HbA1c by 0.4 absolute percentage point more than DPP-4 
inhibitors.  Metformin-based combinations lowered HbA1c by 0.7 to one absolute percentage 
point more than metformin monotherapy.  Medications had varied and modest effects on weight 
with between-group differences of around 1 to 5 kg. Metformin, GLP-1 agonists, and SGLT-2 
inhibitors were generally associated with weight loss while SUs and TZDs were associated with 
weight gain. Combination comparisons had HbA1c and weight effects consistent with 
monotherapy results.  SGLT-2 inhibitors reduced systolic blood pressure by 3-5 mm Hg 
compared to most other drugs.  For safety outcomes, rates of pancreatitis were similar for 
metformin and the combination of MET plus a DPP-4 inhibitor.  SGLT-2 inhibitors increased the 
risk of genital mycotic infections, but not urinary tract infections, for the comparisons evaluating 
this.  Sulfonylureas alone or in combination with metformin increased the risk of hypoglycemia 
vs. other comparisons. SGLT-2 inhibitors had a lower risk of hypoglycemia than metformin. 
Metformin was associated with more gastrointestinal adverse events than the other drugs except 
GLP-1 agonists which had about a 1.5 higher risk of nausea/vomiting vs. metformin.   
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Conclusions.  Although the comparative long-term benefits and harms of most diabetes 
medications remain unclear, the evidence supports use of metformin as a first-line agent due to 
its beneficial effects on intermediate and long-term outcomes along with its relative safety, 
especially in light of its benefits over sulfonylureas for cardiovascular outcomes.  This review 
provides comprehensive evidence on the benefits and differential harms of diabetes medications 
to facilitate personalized treatment choices for clinicians and their patients as well as to support 
decisionmaking for payers and regulators. 
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Executive Summary 
Background 

Condition and Therapeutic Strategies 
Type 2 diabetes affects 9.3 percent of the US population or 29.1 million people.1 Estimates of 

diabetes incidence that include laboratory-diagnosed diabetes, in addition to self-report, are even 
higher than those reported by the US Centers for Disease Control and Prevention.2 Diabetes and 
its complications are a substantial public health burden as they contribute significantly to 
mortality, morbidity, and health care costs.1 Complications of longstanding diabetes include the 
microvascular complications of retinopathy and blindness, neuropathy, nephropathy, and end-
stage kidney disease. Diabetes also contributes importantly to macrovascular complications 
including coronary artery disease, peripheral arterial disease, and carotid artery disease and 
increases the risk of cardiovascular-related death nearly two-fold.3 Lifestyle modification and 
pharmacologic therapy are the cornerstones of the management of hyperglycemia for type 2 
diabetes to reduce diabetes complications.4-6 

When beginning medical treatment, patients usually begin with one of five drug classes that 
have all been approved by the Food and Drug Administration (FDA) for use as monotherapy, 
although several guidelines recommend use of metformin when not contraindicated as first-line 
therapy after lifestyle modifications.4, 5 These include metformin, 2nd generation sulfonylureas, 
thiazolidinediones, dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like peptide-1 (GLP-1) 
agonists, and sodium-glucose co-transporter-2 (SGLT-2) inhibitors. Clinical guidelines, 
including those of the American Diabetes Association, recommend monitoring glycosylated 
hemoglobin (HbA1c) to determine the need for changing the medication dose or adding another 
agent to improve glycemic control.5 If needed, clinicians typically add an additional medication, 
or may add insulin. Clinicians also monitor other intermediate outcomes, including weight and 
short-term and long-term safety and adverse effects of the drugs, which vary by drug class, with 
the goal of improving long-term clinical outcomes.  

The Effective Health Care (EHC) Program of the Agency for Healthcare Research and 
Quality (AHRQ) has published two prior systematic reviews comparing monotherapies and 
medication combinations for adults with type 2 diabetes.7, 8

 Since January 2010, the last date of 
literature included in the past review, one new medication class (SGLT-2 inhibitors, with three 
new medications) and several new DPP-4 inhibitors and GLP-1 agonists have been approved by 
the FDA. Additional data on previously-approved medications have also emerged since then 
which could change the balance of benefit and risk attributable to these drugs or could alter the 
strength of evidence about some of the drug comparisons previously reviewed.9-12 Given the 
ever-increasing literature about type 2 diabetes medications and the recent approval of many new 
medications, an updated systematic review evaluating the effects of these medications on 
intermediate and long-term effectiveness and safety outcomes will be valuable to clinicians, 
patients, investigators, guideline developers, and payers. 

Scope and Key Questions 
This review updates the 2011 review on oral diabetes medications for adults with type 2 

diabetes.8 We are focusing on priority head-to-head drug comparisons, identified, a priori, as 
clinically relevant comparisons for which there are evidence gaps. Given the unique and 
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emerging safety concerns of some of these medications, we have included additional safety 
outcomes in the review including impaired renal function, urinary tract infections, genital 
infections, volume depletion, and bone fractures for studies that include a comparison with 
SGLT-2 inhibitors, and systolic blood pressure and heart rate as intermediate outcomes for 
studies including either SGLT-2 inhibitors or GLP-1 agonists. 

The key questions that we address in this review are as follows: 

Key Question 1a: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative effectiveness of the specified monotherapy FDA-approved diabetes medications for 
the intermediate outcomes of hemoglobin A1c, weight, systolic blood pressure (for comparisons 
including SGLT-2 inhibitors or GLP-1 agonists), and heart rate (for comparisons including 
SGLT-2 inhibitors or GLP-1 agonists)? 

Key Question 1b: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative effectiveness of metformin-based combinations of FDA-approved diabetes 
medications for the intermediate outcomes of hemoglobin A1c, weight, systolic blood pressure 
(for comparisons including SGLT-2 inhibitors or GLP-1 agonists), and heart rate (for 
comparisons including SGLT-2 inhibitors or GLP-1 agonists)? 

Key Question 2a: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative effectiveness of the monotherapy FDA-approved diabetes medications for the long-
term clinical outcomes of all-cause mortality, cardiovascular and cerebrovascular morbidity and 
mortality, retinopathy, nephropathy, and neuropathy? 

Key Question 2b: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative effectiveness of the metformin-based combinations of FDA-approved diabetes 
medications for the long-term clinical outcomes of all-cause mortality, cardiovascular and 
cerebrovascular morbidity and mortality, retinopathy, nephropathy, and neuropathy? 

Key Question 3a: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative safety of the monotherapy FDA-approved diabetes medications regarding liver 
injury, lactic acidosis, pancreatitis, hypoglycemia, congestive heart failure, cancer, severe 
allergic reactions, macular edema or decreased vision, and gastrointestinal side effects; and for 
comparisons including SGLT-2 inhibitors, urinary tract infections, impaired renal function, 
genital mycotic infections, fracture, and volume depletion? 

Key Question 3b: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative safety of metformin-based combinations of FDA-approved diabetes medications 
regarding liver injury, lactic acidosis, pancreatitis, hypoglycemia, congestive heart failure, 
cancer, severe allergic reactions, macular edema or decreased vision, and gastrointestinal side 
effects; and for comparisons including SGLT-2 inhibitors, urinary tract infections, impaired renal 
function, genital mycotic infections, fracture, and volume depletion? 

Key Question 4: Do the comparative safety and effectiveness of these treatments differ across 
subgroups defined by the age, sex, race/ethnicity, and body mass index (BMI) of adults with type 
2 diabetes? 
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Methods 

Topic Refinement and Review Protocol 
This review updates the 2011 review on oral diabetes medications for adults with type 2 

diabetes.8 We recruited a Technical Expert Panel (TEP) to review a draft of the protocol and a 
summary of the revisions from the 2011 review. The TEP included endocrinologists, general 
internists, biostatisticians, and diabetes experts from government agencies. The TEP reviewed 
our protocol and provided feedback on the proposed methods for addressing the Key Questions. 
With the feedback from the TEP and the Agency for Healthcare Research and Quality (AHRQ) 
representatives, we finalized and posted the protocol. (www.effectivehealthcare.ahrq.gov). 

Literature Search Strategy 

Search Strategy 
We searched MEDLINE®, Embase™, and the Cochrane Central Register of Controlled 

Trials (CENTRAL). We ran the search developed for the 2011 review with the date restrictions 
of April 2009 through July 2014 (see Appendix A). The expanded search included medical 
subject headings (MeSH) and text words for all of the new medications included in this updated 
report, without date restrictions. 

Study Selection 
Two independent reviewers conducted title scans, and advanced articles if either one thought 

it relevant. The abstract review phase was designed to identify studies reporting the effectiveness 
or safety of the medications and medication combinations of interest. Abstracts were reviewed 
independently by two investigators. Differences between investigators regarding the inclusion or 
exclusion of abstracts were resolved through consensus adjudication. Full articles underwent 
another independent parallel review regarding their appropriateness for inclusion. Selection 
criteria for studies are provided in Table A.  
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Table A. Study inclusion criteria 
PICOTS Inclusion criteria 
Population • We included studies of adult humans with type 2 diabetes, non-insulin dependent diabetes 

mellitus, or adult-onset diabetes. 
Interventions • We included studies that evaluated a diabetes medication of interest or drug combination of 

interest. 
Comparisons • We included studies that evaluated a comparison of interest  
Outcomes* • We included studies addressing the following intermediate outcomes for KQ1: 

 Hemoglobin A1c 
 Weight 
 Systolic blood pressure 
 Heart rate 

• We included studies addressing the following long-term clinical outcomes for KQ2: 
 All-cause mortality 
 Cardiovascular and cerebrovascular morbidity and mortality 
 Retinopathy 
 Nephropathy 
 Neuropathy 

• We included studies addressing the following safety outcomes for KQ3: 
 Liver injury 
 Impaired renal function 
 Lactic acidosis 
 Pancreatitis 
 Hypoglycemia 
 Gastrointestinal side effects 
 Congestive heart failure 
 Cancer 
 Macular edema or decreased vision 
 Fractures 
 Urinary tract infections 
 Genital mycotic infections 
 Volume depletion 

• KQ4 included studies considering any of the above outcomes. 
Type of study • For KQ1, we included only RCTs. 

• For KQ2 and KQ3, we included RCTs, non-randomized experimental studies with a 
comparison group, and high-quality observational studies with a comparison group.  

• We included randomized trials utilizing a crossover design with some exceptions. 
• Published in English 

Timing and 
setting 

We included studies in which the observed intervention or exposure period was more than 3 
months 

KQ = Key Question; RCT = randomized controlled trial 
*not every outcome was assessed for each comparison 

Data Extraction 
Reviewers extracted information on the general study characteristics, study participants 

characteristics, interventions, comparisons, the method of ascertainment of safety outcomes, and 
the outcome results, including measures of variability. We also collected data on outcomes for 
the subgroups of interest, which were defined by age, sex, race/ethnicity, and BMI. 

Risk of Bias Assessment of Individual Studies 
Two independent reviewers assessed risk of bias. We assessed the risk of bias in individual 

RCTs using the Jadad criteria consistent with the prior report.13 We used the Downs and Black 
tool for assessment of internal validity for non-randomized trials and observational studies.14 We 
included only medium or high-quality observational studies as determined by assessment of each 
study’s risk of bias. The Downs and Black tool was applied to the observational studies that had 
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been included in the prior report;8 some of the previously included observational studies were 
excluded due to methodological deficiencies. 

Data Synthesis 
For each Key Question, we created a set of detailed evidence tables containing all 

information extracted from eligible studies, including those from the prior evidence reports. We 
conducted meta-analyses when there were sufficient data (at least three trials) and studies were 
sufficiently homogenous with respect to key variables (population characteristics, study duration, 
and drug dose). We included in the quantitative pooling those study arms with drug doses and 
study durations most commonly reported. We tested the heterogeneity among the trials 
considered for quantitative pooling using a chi-squared test using a significance level of alpha 
less than or equal to 0.10, and also examined heterogeneity among studies with an I-squared 
statistic.15 We pooled the mean difference between groups using a random-effects model with the 
DerSimonian and Laird formula in settings of low heterogeneity (I-squared <50%),16 and the 
profile likelihood estimate when statistical heterogeneity was high.17 For dichotomous outcomes, 
we calculated pooled odds ratios using a random-effects model with the DerSimonian and Laird 
formula in settings of low heterogeneity16 or the profile likelihood estimate in settings of high 
heterogeneity (I-squared >50%).17 Sensitivity analyses included sequential study elimination to 
assess for influential studies. Stratification and meta-regression (only if 10 or more studies were 
included in the meta-analysis) were done to identify and describe sources of heterogeneity and 
their effects on outcomes when substantial heterogeneity was identified.  

Strength of the Body of Evidence 
At the completion of the review, two reviewers sequentially graded the evidence addressing 

the Key Questions by adapting an evidence grading scheme recommended in the Guide for 
Conducting Comparative Effectiveness Reviews.18 We generated evidence grades about each 
intervention comparison for each outcome (Table A) for which there was at least one RCT or 
three observational studies. We assessed the study limitations, consistency, directness, precision, 
and reporting bias. 

We classified evidence pertaining to the Key Questions into four categories: (1) “high” grade 
(indicating high confidence that the evidence reflects the true effect and further research is very 
unlikely to change our confidence in the estimate of the effect); (2) “moderate” grade (indicating 
moderate confidence that the evidence reflects the true effect but further research could change 
our confidence in the estimate of the effect and may change the estimate); (3) “low” grade 
(indicating low confidence that the evidence reflects the true effect and further research is likely 
to change our confidence in the estimate of the effect and is likely to change the estimate); and 
(4) “insufficient” grade (indicating evidence is unavailable or the body of evidence has 
unacceptable deficiencies, precluding reaching a conclusion).  

Applicability 
We assessed the applicability of the evidence in terms of the degree to which the study 

populations, interventions, outcomes, timing and settings were typical of the treatment of 
individuals with type 2 diabetes who are receiving treatment in a usual care setting, such as 
outpatient treatment by internists, family physicians, and endocrinologists. 
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Results 
For the Executive Summary, results are presented by Key Question and focus on evidence 

for which there was moderate or high strength of evidence. We also highlight some key areas for 
which there was low-strength or insufficient evidence. The full results of this synthesis, 
including detailed results on all evidence, are in the body of the full report.  

Results of Literature Searches 
We included 166 publications in our previous review. After excluding all studies that no 

longer had a comparison or an outcome of interest and cohort studies that did not meet our 
quality criteria, we included 104 of these studies from the prior review (published in 107 articles) 
in the update.  

We also retrieved 16,251 unique citations from our updated literature search. After reviewing 
titles, abstracts, and full text, we included 115 new studies (published in 142 new articles). Ten 
of the new publications were either extensions or additional analyses of studies included in the 
previous review. Overall, we included 229 studies, published in 249 articles. 

Key Question 1a and 1b. Comparative Effectiveness of 
Monotherapy and Metformin-based Combinations for Intermediate 
Outcomes  

Of the 205 RCTs (reported in 211 articles) identified for Key Question 1, ninety-five percent 
were less than one year long. Only nine percent of these trials reported having received no 
industry support, and 20% did not report on this at all. Study participants were generally 
overweight or obese and had a baseline HbA1c between 7 and 9%. 

Hemoglobin A1c 
We found that most diabetes medications as monotherapy (metformin, thiazolidinediones, 

and sulfonylureas) reduced HbA1c to a similar degree after 3 or more months of treatment 
(Figure A). In the 2011 report,8 metformin versus sulfonylurea was graded as high showing no 
significant between-group differences in HbA1c; therefore, it was not updated in this report. 
Metformin was more effective in reducing HbA1c than the DPP-4 inhibitors as monotherapy (by 
about 0.4 absolute percentage points). Two-drug combination therapies with metformin (such as 
metformin plus thiazolidinediones, metformin plus sulfonylureas, metformin plus SGLT-2 
inhibitors and metformin plus DPP-4 inhibitors) were generally more effective in reducing 
HbA1c than was metformin monotherapy (by about 1 absolute percentage point) (Figure A). For 
the combination comparisons, the combination of metformin plus a GLP-1 agonist reduced 
HbA1c more than metformin plus DPP-4 inhibitors by 0.65% (all differences for HbA1c 
represents absolute percentage points). Otherwise, most combination therapy comparisons with 
moderate strength of evidence had either no significant or no clinically meaningful between-
group differences (<0.3%) in HbA1c between arms (Figure A). Although we included 
comparisons with the GLP-1 agonists, we graded the evidence for most of these comparisons as 
insufficient or low; therefore, we were limited in our ability to draw firm conclusions about their 
effectiveness. 
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Figure A. Pooled between-group differences in hemoglobin A1c and strength of evidence for 
monotherapy and metformin-based combination comparisons 

 
BL = baseline; CI = confidence interval; DPP4 = dipeptidyl peptidase-4 inhibitors; ES = effect size (mean between-group 
difference in HbA1c); GLP1 = glucagon-like peptide-1 agonists; HbA1c = hemoglobin A1c; Met = metformin; PLE = profile 
likelihood estimate; SGLT2 = sodium-glucose co-transporter-2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione; wks = 
weeks 
The width of the horizontal lines represents the 95 percent confidence intervals for each pooled analysis. 

Weight 
As expected, monotherapy and combination medication comparisons generally showed 

significant between-group differences when comparing medications expected to increase weight 
(sulfonylureas, thiazolidinediones) with medications expected to maintain or decrease weight 
(metformin, DPP-4 inhibitors, GLP-1 agonists, and SGLT-2 inhibitors). Figure B shows the data 
where meta-analyses were able to be conducted. We report between-group differences in the text 
below regarding results where meta-analyses were unable to be performed. In the 2011 report, 
comparisons of metformin versus thiazolidinedione and metformin versus sulfonylurea were 
found to favor metformin by about 2.5 kg, with high strength of evidence; therefore, these 
comparisons were not updated. DPP-4 inhibitors and GLP-1 agonists both decreased weight 
more than thiazolidinediones, (range in between-group differences of 2.5 kg and 3.5 kg 
respectively).  

Several monotherapy and metformin-based combination medications were compared where 
both arms had medications expected to maintain or decrease weight or both arms had 
medications expected to increase weight, with varying effects. Metformin decreased weight more 
than DPP-4 inhibitors, while sulfonylureas caused slightly less weight gain than 
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thiazolidinediones. There was moderate strength of evidence that SGLT-2 inhibitors decreased 
weight more than metformin and more than DPP-4 inhibitors (between-group differences of 
around 1.4 kg and 2.7 kg, respectively). When compared with metformin plus a DPP-4 inhibitor, 
the combinations of metformin plus a GLP-1 agonist and metformin plus a SGLT-2 inhibitor 
were favored by about 1.8 kg and 2.5 kg respectively. Metformin plus a sulfonylurea had more 
favorable weight effects than the combination of metformin plus a premixed or basal insulin 
(range in mean between-group differences of -0.5 kg to -1.7 kg), with moderate strength of 
evidence.  

Figure B. Pooled between-group differences in weight and strength of evidence for monotherapy 
and metformin-based combination comparisons 

 
Basal = basal insulin; BL = baseline; CI = confidence interval; DPP4 = dipeptidyl peptidase-4 inhibitors; ES = effect size (mean 
between-group difference in weight); GLP1 = glucagon-like peptide-1 agonists; kg = kilograms; Met = metformin; PLE = profile 
likelihood estimate; premixed = premixed insulin; SGLT2 = sodium-glucose co-transporter-2 inhibitors; SU = sulfonylurea; TZD 
= thiazolidinedione; wks = weeks 
The width of the horizontal lines represents the 95 percent confidence intervals for each pooled analysis. 

Systolic Blood Pressure and Heart Rate 
Systolic blood pressure and heart rate were only evaluated for the newer medications SGLT-

2 inhibitors and GLP-1 agonists due to suspected effects of these newer medications on these 
clinical outcomes based on prior literature.19, 20 The SGLT-2 inhibitors consistently reduced 
systolic blood pressure by 3-5 mmHg in all comparisons where there were sufficient numbers of 
studies (Table B). Also, metformin plus a GLP-1 agonist yielded a greater reduction in systolic 
blood pressure by about 3 mmHg compared with metformin alone (Table B).  
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For heart rate, only two comparisons had sufficient data to grade the evidence as more than 
insufficient or low. These comparisons had no or small differences (<2 bpm) between groups. 
When there were differences in outcomes among comparisons rated as having a low strength of 
evidence, they were less than 3 beats per minute (Table B). 

Table B. Summary of the moderate- to high-strength evidence on the comparative effectiveness 
and safety of diabetes medications as monotherapy and metformin-based combination therapy for 
selected intermediate outcomes  

Outcome Conclusions Strength of 
Evidence 

Systolic blood 
pressure 

Metformin plus a SGLT-2 inhibitor reduced systolic blood pressure more than:  
• Metformin alone: pooled between-group difference, 4.9 mmHg (95% CI, 2.4 to 

6.3 mmHg). 
• Metformin plus SU: pooled between-group difference, 5.1 mmHg (95% CI, 4.2 

mmHg to 5.9 mmHg). 

High 

 Metformin plus a SGLT-2 inhibitor reduced systolic blood pressure more than 
metformin + a DPP-4 inhibitor: pooled between-group difference, 4.1 mmHg 
(95% CI, 3.6 mmHg to 4.6 mmHg). 

Moderate 

 SGLT-2 inhibitors reduced systolic blood pressure more than metformin: pooled 
between-group difference, 2.8 mmHg (95% CI, 2.6 mmHg to 3.0 mmHg). 

Moderate 

 Metformin plus a GLP-1 agonist reduced systolic blood pressure more than 
metformin: pooled between-group difference, 3.1 mmHg (95% CI, 1.4 to 4.9 
mmHg). 

Moderate 

Heart rate Increases in heart rate were minimal and similar for metformin and GLP-1 
agonist monotherapy. 

Moderate 

 Combination therapy with metformin plus a SGLT-2 inhibitor resulted in less of 
an increase in heart rate than metformin plus a sulfonylurea: pooled between 
group difference in heart rate, 1.5 bpm; 95% CI, 0.6 bpm to 2.3 bpm. 

Moderate 

bpm=beats per minute; CI = confidence interval; DPP-4 = dipeptidyl peptidase-4 inhibitors; GLP-1 = glucagon-like peptide-1 
agonists; mmHg=millimeters of mercury; SGLT-2 = sodium-glucose co-transporter-2 inhibitors; SU = sulfonylurea 

Key Question 2a and 2b. Comparative Effectiveness of 
Monotherapy and Metformin-based Combination Therapy for 
Long-Term Clinical Outcomes 

Of 132 studies (reported in 134 publications) identified for Key Question 2, ninety-seven 
were RCTs and 32 were observational (mainly retrospective cohort) studies. Of the 97 trials, 
thirty-four of these were at least one year in duration, and notably, no trial specified a long-term 
outcome as its primary outcome. Mean/median follow up of the observational studies ranged 
from 6 months to 8 years, and 13 of the observational studies were designed to evaluate 
cardiovascular outcomes. 

All-Cause Mortality 
Most studies reporting on all-cause mortality lasted less than 12 months and had few events. 

We found moderate or high strength of evidence that metformin monotherapy, pioglitazone 
monotherapy and the combinations of metformin plus a DPP-4 inhibitor and metformin plus an 
SGLT-2 inhibitor were associated with similar all-cause mortality (Figure C). Otherwise, all 
evidence for all-cause mortality was of low strength or insufficient.   
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Figure C. Pooled odds ratios of all-cause mortality and strength of evidence for monotherapy and 
metformin-based combination comparisons 

 
CI = confidence interval; DPP4 = dipeptidyl peptidase-4 inhibitors; ES = effect size (odds ratio); Met = metformin; SGLT2 = 
sodium-glucose co-transporter-2 inhibitors; SU = sulfonylurea 
The width of the horizontal lines represents the 95 percent confidence intervals for each pooled analysis. 

Cardiovascular Mortality 
Most studies reporting on cardiovascular mortality were 12 months or shorter and did not 

have many events. We found high strength of evidence that metformin yielded a 37 to 50 percent 
lower risk of cardiovascular mortality when compared to a sulfonylurea monotherapy (Table C). 
Otherwise, all evidence for cardiovascular mortality was of low strength or insufficient. Notably, 
we were unable to identify evidence supporting strong conclusions regarding the comparative 
effect on cardiovascular mortality associated with rosiglitazone. 

Cardiovascular Morbidity 
Most studies reporting on cardiovascular morbidity were 12 months or shorter and did not 

have many events. Consistent with our findings on cardiovascular mortality, we found moderate 
strength of evidence that metformin was associated with less cardiovascular morbidity than a 
sulfonylurea monotherapy (Table C). We also found moderate strength of evidence that 
cardiovascular morbidity was similar for metformin and pioglitazone monotherapy. Otherwise, 
all evidence for cardiovascular mortality was of low strength or insufficient. We were unable to 
identify evidence supporting strong conclusions regarding the comparative effect on 
cardiovascular morbidity associated with rosiglitazone. 

Retinopathy, Nephropathy, and Neuropathy 
While we found more evidence than in the prior report, few studies evaluated these 

outcomes; all evidence was of low strength or insufficient for these outcomes. 
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Table C. Summary of the moderate- to high-strength evidence on the comparative effectiveness 
and safety of diabetes medications as monotherapy and metformin-based combination therapy for 
selected long-term clinical outcomes  

Outcome Conclusions Strength of 
Evidence 

Cardiovascular 
mortality 

Metformin monotherapy had 37-50% lower risk of cardiovascular mortality 
compared with SU monotherapy. 

High 

Cardiovascular 
morbidity 

Metformin monotherapy was associated with less cardiovascular morbidity than 
SU monotherapy (range of risk differences with metformin as the reference 
reported across three RCTs, -10.1% to +0.4%; range of adjusted HRs reported 
across five observational studies, 1.06 to 3.22). 

Moderate 

 Cardiovascular morbidity was similar for metformin and pioglitazone 
monotherapy (no events in two of three RCTs; range of adjusted HRs with 
metformin as the reference reported in observational studies, 1.0 to 1.15). 

Moderate 

HR = hazard ratio; RCT = randomized controlled trial; SU = sulfonylurea 

Key Question 3a and 3b. Comparative Safety of Monotherapy and 
Metformin-based Combinations 

Of 189 studies identified for Key Question 3, one hundred sixty-eight were RCTs and eight 
were observational (mainly retrospective cohort) studies. Mean or median follow up of the 
observational studies ranged from 3 months to 5 years. 

Hypoglycemia  
Sulfonylurea alone and in combination with metformin had a higher risk of mild, moderate or 

total hypoglycemia compared to all other monotherapies and metformin-based combinations for 
which we identified evidence (Figure D). Compared to metformin monotherapy, only metformin 
plus a sulfonylurea had a significantly higher rate of hypoglycemia. When compared with 
metformin plus a basal insulin, metformin plus a GLP-1 agonist had less hypoglycemia risk and 
metformin plus a premixed insulin had a modestly higher risk of hypoglycemia.  

For severe hypoglycemia, we found moderate to high strength of evidence that sulfonylureas 
had about a 1.5-fold increase in the risk of severe hypoglycemia compared with metformin or 
thiazolidinedione monotherapy. Similarly, in combination with metformin, sulfonylureas had a 
greater risk of severe hypoglycemia when compared with the combination of metformin plus 
DPP-4 inhibitors or SGLT-2 inhibitors (moderate strength of evidence). We also found moderate 
strength of evidence that metformin plus DPP-4 inhibitors had similarly few to no severe 
hypoglycemia events compared with metformin monotherapy or metformin plus a 
thiazolidinedione. 
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Figure D. Pooled odds ratios of mild/moderate hypoglycemia and strength of evidence for 
monotherapy and metformin-based combination comparisons 

 
CI = confidence interval; DPP4 = dipeptidyl peptidase-4 inhibitors; ES = effect size (odds ratio); Met = metformin; SGLT2 = 
sodium-glucose co-transporter-2 inhibitors; SU = sulfonylurea; TZD = thiazolidinediones 
The width of the horizontal lines represents the 95 percent confidence intervals for each pooled analysis. 

Gastrointestinal Side Effects 
Metformin and GLP-1 agonists were associated with higher risk of gastrointestinal side 

effects than were all other medications with sufficient studies for comparison, regardless of 
whether they were used as monotherapy or combination (Table D). Metformin plus a GLP-1 
agonist had more GI side effects than other metformin-based combinations. Nausea and vomiting 
were more common with GLP-1 agonists compared with metformin, but diarrhea was similar 
between the groups.  

Congestive Heart Failure 
We found low strength of evidence that the risk of congestive heart failure was 1.4 fold 

greater with thiazolidinediones compared to sulfonylureas or metformin. There were no long-
term trials and only a few observational studies of medium quality that could provide an 
assessment of the comparative safety of diabetes medications on congestive heart failure. 

Cancer 
While we found much more evidence than in the prior report, few studies evaluated cancer 

risk, and all of the evidence was of low strength or insufficient. Notably, we did not identify 
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evidence to support strong conclusions regarding the comparative cancer risk for pioglitazone or 
the GLP-1 agonists.  

Pancreatitis 
We found moderate strength of evidence that metformin monotherapy and metformin plus a 

DPP-4 inhibitor were associated with similar risks of pancreatitis (Table D); pancreatitis was rare 
in the studies of this comparison. All other evidence on pancreatitis, including that for DPP-4 
inhibitor comparisons and the GLP-1 comparisons, was of low strength or insufficient. 

SGLT-2 Inhibitor-Specific Outcomes 
We evaluated the comparative effectiveness of SGLT-2 inhibitors for specific adverse events 

of interest: urinary tract infections, genital mycotic infections, renal function impairment, 
fractures, and volume depletion. We found high strength of evidence that the combination of 
metformin plus a SGLT-2 inhibitor increased the odds of a genital mycotic infection 
approximately 3-fold compared to metformin monotherapy and 6-fold compared to the 
combination of metformin plus a sulfonylurea (Table D). We also found moderate strength of 
evidence that SGLT-2 inhibitors increased the odds of genital mycotic infection 4-fold compared 
to metformin monotherapy. Moderate to high strength of evidence suggested no increased risk of 
urinary tract infections for SGLT-2 inhibitors alone or in combination with metformin compared 
to metformin monotherapy or metformin plus a sulfonylurea. The evidence was of low strength 
or insufficient for the other SGLT-2 inhibitor-specific safety outcomes. 

Other Outcomes 
The evidence on the outcomes of liver injury, lactic acidosis, severe allergic reactions, and 

macular edema and decreased vision was of low strength or insufficient. We could not make any 
solid conclusions about these outcomes.  
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Table D. Summary of the moderate- to high-strength evidence on the comparative effectiveness 
and safety of diabetes medications as monotherapy and metformin-based combination therapy for 
selected safety outcomes  

Outcome Conclusions Strength of 
Evidence 

GI  Metformin was associated with more frequent GI adverse events than DPP-4 
inhibitor monotherapy 
• Pooled OR 2.6; 95% CI, 1.2 to 5.5 for diarrhea 
• Pooled OR 2.7; 95% CI, 1.1 to 6.6 for nausea 

High 

 The rates of GI adverse events were similar for: 
• TZD vs. SU monotherapy 
• Metformin vs. metformin plus a DPP-4 inhibitor (diarrhea) 
• Metformin plus SU vs. metformin plus DPP-4 inhibitor 

High 

 Metformin was associated with more frequent GI adverse events than  
• TZD monotherapy: 

o Pooled OR 0.29; 95% CI, 0.24 to 0.35 for diarrhea 
o Pooled OR 0.62; 95% CI, 0.49 to 0.78 for nausea 

• SU monotherapy: 
o Pooled OR 0.41; 95% CI, 0.28 to 0.59 for diarrhea 
o Pooled OR 0.57; 95% CI, 0.40 to 0.81 for abdominal pain 
o Pooled OR 0.45; 95% CI, 0.31 to 0.65 for nausea and vomiting 

• Metformin plus SU: 
o Pooled OR 0.66; 95% CI, 0.34 to 1.28 for diarrhea 

Moderate 

 The occurrence of diarrhea was similar for metformin and GLP-1 agonist 
monotherapy, but vomiting was more frequent for GLP-1 agonist vs. metformin 
monotherapy: pooled OR, 0.45; 95% CI, 0.31 to 0.65 for nausea and vomiting. 

Moderate 

 Metformin plus a GLP-1 agonist was associated with about a 2-fold higher risk 
of GI adverse events than: 
• Metformin plus a DPP-4 inhibitor 
• Metformin plus a TZD 

Moderate 

 The rates of GI adverse events were similar for metformin monotherapy and  
• Metformin plus a SGLT-2 inhibitor (diarrhea) 
• Metformin plus a DPP-4 inhibitor (nausea) 

Moderate 

 The rates of GI adverse events were similar for the combination of metformin 
plus SU compared with metformin plus TZD. 

Moderate 

Pancreatitis The rates of pancreatitis were similar for metformin compared to combination 
therapy with metformin and DPP-4 inhibitor.  

Moderate 

UTI The rates of UTIs were similar for metformin plus SGLT-2 inhibitors and 
metformin monotherapy. 

High 

 The rates of UTIs were similar for: 
• metformin and SGLT-2 inhibitors 
• metformin plus a SGLT-2 inhibitor compared with metformin plus SU 

Moderate 

Genital 
mycotic 
infections 

The rates of genital mycotic infections were higher with metformin plus SGLT-2 
inhibitors compared with  
• Metformin monotherapy: 
o pooled OR, 3.0; 95% CI, 1.22 to 7.2 for females  
o pooled OR, 2.7; 95% CI, 0.8 to 9.0 for males 

• Metformin plus SU: 
o pooled OR, 6.1; 95% CI, 4.0 to 9.2 

High 

 The rates of genital mycotic infections were higher with SGLT-2 inhibitors 
compared with  
• Metformin monotherapy: 
o pooled OR, 4.1; 95% CI, 2.0 to 8.3 

• Metformin plus DPP-4 inhibitors 

Moderate 

CI = confidence interval; DPP-4 = dipeptidyl peptidase-4 inhibitors; GI=gastrointestinal; GLP-1 = glucagon-like peptide-1 
agonists; OR=odds ratio; SGLT-2 = sodium-glucose co-transporter-2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione; 
UTI = urinary tract infection 
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Key Question 4. Subgroups 
We found little evidence on the comparative effectiveness and safety of diabetes medications 

in predefined subgroups defined by age, sex, race/ethnicity, or BMI. Most of the evidence on 
subgroups was for the outcome of HbA1c and did not show differential effects of the included 
comparisons by age, sex, race/ethnicity, or BMI. 

Discussion 

Key Findings in Context 

Intermediate Outcomes 
Our results on the intermediate outcomes of hemoglobin A1c and weight are generally 

consistent with existing literature.8, 19-23 This report builds on prior work by adding more 
information regarding the metformin-based combination comparisons and comparisons with the 
newer medications. HbA1c is unequivocally linked to microvascular disease,24-26 making it a 
good proximal outcome to measure. Consistent with the 2011 report, most monotherapies were 
similarly effective in reducing HbA1c with the exception of DPP-4 inhibitors which had a 
smaller effect relative to metformin (Figure A). While metformin versus GLP-1 agonists and 
metformin versus SGLT-2 inhibitors also showed no clear between-group differences in HbA1c, 
they were graded as low strength of evidence since the three studies in each comparison were 
imprecise and inconsistent. In this update, we found inconsistent findings in the studies of GLP-1 
agonists. It may be that the individual GLP-1 agonists have different effects on HbA1c. A 2011 
Cochrane systematic review showed small between-group differences in HbA1c, around 0.3%, in 
the effect of different GLP-1 agonists.20 

Combination therapy with metformin generally reduced HbA1c by 0.7 to 1 absolute 
percentage point compared to metformin monotherapy. While several moderate strength of 
evidence combination comparisons were significantly favored over the comparator combination 
(Figure 97), most between-group differences were small (<0.3%) with questionable clinical 
relevance.  Only one combination comparison with moderate strength of evidence was favored 
by greater than 0.3% over any other combination comparison:  the combination of metformin 
plus a GLP-1 agonist reduced HbA1c more than metformin plus a DPP-4 inhibitor. Two prior 
network meta-analyses21, 22 showed that most metformin combination comparisons had similar 
reductions in HbA1c. However, the direct comparisons evaluated in this report are more precise 
than the indirect comparisons found in the network meta-analyses.  

Weight gain was small to moderate in the trials in which participants gained weight; even in 
the longest trials, weight gain was less than 5 kg. However, even small amounts of weight gain 
(5 percent to 10 percent of body weight) may be associated with increased insulin resistance.27 
Drug effects on weight may impact the choice of the drug added for second-line combination 
therapy in a patient not well controlled on a single agent. As monotherapy and in combination 
with metformin, thiazolidinediones and sulfonylureas are associated with weight gain, DPP-4 
inhibitors with weight maintenance, and SGLT-2 inhibitors and GLP-1 agonists are associated 
with weight loss.8, 19, 20, 28 Our systematic review builds on prior work by adding more direct 
comparative data about metformin combination comparisons, which further confirm the known 
weight effects of the individual medications. 
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Systolic blood pressure and heart rate were evaluated for the newer classes of medications, 
the SGLT-2 inhibitors and GLP-1 agonists, due to suspected effects of these medications based 
on prior literature.19, 20 Blood pressure control is important in adults with diabetes.29-32 The 
United Kingdom Prospective Diabetes Study (UKPDS) showed that for every 10 mmHg 
decrease in systolic blood pressure, there is a 15% decrease in diabetes-related deaths.30 Our 
findings on modest systolic blood pressure reductions of 3 to 5 mmHg with SGLT-2 inhibitors, 
compared to many other agents, are consistent with other reviews19 on these agents (Table B). 
Our review builds on this prior work by evaluating direct comparisons of specific medication 
classes as comparators, as opposed to lumping all active comparators together. This is especially 
important since thiazolidinediones and GLP-1 agonists also have been associated with decreases 
in systolic blood pressure by 3 to 5 mmHg.7, 20 Also, metformin plus a GLP-1 agonist had a 
greater reduction in systolic blood pressure compared with metformin alone (pooled between-
group difference, 3.1 mmHg; 95% confidence interval [CI], 1.4 to 4.9 mmHg), with moderate 
strength of evidence. While the clinical relevance of these small differences is unclear, a change 
of 3 to 5 mmHg is about half the effect of a low sodium diet (around 7 to 11 mmHg) and about 
one-third the effect of blood pressure medications (around 10 to 15 mmHg).33, 34  

Increased heart rate is associated with increased mortality.35 However, whether heart rate is 
an independent predictor of long-term clinical outcomes such as mortality is less clear.36 We also 
wanted to determine if the benefits from blood pressure reduction might be offset by a 
concomitant increase in heart rate. We did not identify any prior systematic reviews that have 
evaluated this outcome for the diabetes comparisons of interest. Only two comparisons had 
sufficient data to grade the evidence as more than insufficient or low. Surprisingly, SGLT-2 
inhibitors in combination with metformin were found to decrease heart rate by 1.5 bpm (95% CI, 
0.6 bpm to 2.3 bpm) when compared with metformin plus a sulfonylurea; metformin and GLP-1 
agonists showed no differences in heart rate between groups. Therefore, these early findings 
support minimal to no effects on heart rate and no increase in heart rate for the newer 
medications. 

Long-term Outcomes 
Most of the evidence on long-term outcomes came from RCTs which were generally 12 

months or shorter in duration and had few events; combined with small sample sizes, these 
studies were underpowered to evaluate long-term outcomes; notably, none of the RCTs specified 
a long-term outcome as a primary outcome. This report builds substantially on our prior results 
for metformin versus sulfonylurea monotherapy.8 Metformin was associated with a 37 to 50 
percent lower risk of cardiovascular mortality compared to sulfonylurea monotherapy, with 
consistent findings on cardiovascular morbidity (Table C). This adds to published evidence on 
cardiovascular mortality with sulfonylureas.37 We found moderate strength of evidence that 
metformin and pioglitazone monotherapy were associated with similar all-cause mortality and 
cardiovascular morbidity, but we did not otherwise find evidence to support substantial 
conclusions about the comparative effectiveness of thiazolidinediones on cardiovascular risk 
(Figure C).  

We found little evidence supporting conclusions regarding most of the newer classes of drugs 
(DPP-4 inhibitors, GLP-1 agonists, and SGLT-2 inhibitors) and clinical outcomes. Metformin 
and the combination of metformin plus a DPP-4 inhibitor were associated with similar all-cause 
mortality as were metformin and the combination of metformin plus an SGLT-2 inhibitor.  
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Existing literature has not evaluated this outcome for these comparisons of add-on therapy to 
metformin.  

The scant evidence on the comparative effectiveness of diabetes medications and 
microvascular outcomes (retinopathy, nephropathy, and neuropathy) precludes any substantive 
conclusions. 

Safety Outcomes  
For the outcomes of hypoglycemia and GI side effects, we confirmed the elevated risk of 

hypoglycemia associated with sulfonylureas compared other drug classes (Figure D), including 
for severe hypoglycemia. We added to the literature base on SGLT-2 inhibitors by providing 
more evidence showing that SGLT-2 inhibitors may have less risk of hypoglycemia than 
metformin, although both medications had low absolute rates of hypoglycemia. We also found 
that when compared with metformin plus basal insulin, metformin plus a GLP-1 agonist had less 
hypoglycemia risk. This is especially important when considering which injectable medication to 
add as second line therapy. Finally, our findings suggest that DPP-4 inhibitors do not increase 
risk of severe hypoglycemia when added to metformin compared with metformin monotherapy 
or metformin plus a thiazolidinedione (i.e., non-insulin and non-insulin secretagogue 
medications). 

We also confirmed prior findings that metformin induces more GI events than 
thiazolidinediones, sulfonylureas and DPP-4 inhibitors (Table B). We identified new evidence 
about GLP-1 agonists and SGLT-2 inhibitors: metformin plus a GLP-1 agonist was associated 
with more GI side effects compared to metformin plus a thiazolidinedione or metformin plus a 
sulfonylurea. GLP-1 agonists were also associated with more vomiting, but similar rates of 
diarrhea, when compared to metformin monotherapy. Surprisingly, the combinations of 
metformin plus DPP-4 inhibitors did not have worse GI events than metformin monotherapy or 
metformin combinations despite the DPP-4 inhibitors known side effects of nausea.38 SGLT-2 
inhibitors did not increase GI events when added to metformin. 

We found about a 1.4-fold increased risk of heart failure with the thiazolidinedione class of 
medications (low strength of evidence), when compared with metformin or sulfonylureas, which 
was also reported in two recent meta-analyses.39, 40 We excluded the RECORD study for this 
outcome due to the active comparator being either sulfonylurea or metformin in the analysis 
instead of a single active comparator. RECORD showed that the combination of 
thiazolidinediones and another agent (sulfonylurea or metformin) was associated with a 
significant doubling in the risk of heart failure in comparison to the combination of sulfonylurea 
and metformin (61/2220 versus 29/2227, risk ratio (RR), 2.1; 95% CI, 1.35 to 3.27).41

 Both 
thiazolidinediones, rosiglitazone and pioglitazone, are contraindicated in patients with serious or 
severe heart failure (Stage 3 or Stage 4) according to product labels.42, 43 

We had low or insufficient strength of evidence for most other medication comparisons for 
heart failure, including the newer agents. The SAVOR-TIMI 53 trial,44 mentioned above, was 
excluded from our systematic review of head-to-head comparisons of diabetes medications since 
it compared saxagliptin with placebo. Hospitalization for heart failure was reported in 289/8280 
(3.5%) in the saxagliptin arm versus 228/8212 (2.8%) in the matching placebo arm, with a HR of 
1.27 (95% CI, 1.07 to 1.51). Due to this finding, the FDA has requested trial data from the 
manufacturer to analyze whether there might be an increased risk of heart failure with 
saxagliptin.45 Further research directly comparing DPP-4 inhibitors with other active 
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comparators on heart failure outcomes will be critical for determining the comparative safety of 
these medications on heart failure risk. 

We found little evidence to substantiate firm conclusions about pancreatitis for the incretin 
therapies, which include DPP-4 inhibitors and GLP-1 agonists. Rates of pancreatitis were similar 
for metformin monotherapy and metformin plus a DPP-4 inhibitor. Notably, the Saxagliptin 
Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus Thrombolysis in 
Myocardial Infarction (SAVOR TIMI) 53 trial, not included in this review, found 17 cases of 
definite acute pancreatitis in the saxagliptin monotherapy arm compared to nine in the placebo 
arm over 2.1 years (P =0.17).44 

We found little evidence about cancer risk. Reviews and meta-analyses published since the 
2011 report show that metformin decreases the risk of many types of cancer46, 47 and suggest that 
pioglitazone48 increases the risk of bladder cancer slightly, but we could not include many of the 
studies supporting those conclusions in our review because of our stringent inclusion criteria for 
observational studies. While animal studies raise concern about the risk of cancer with incretin 
therapies, we found little evidence about cancer risk in humans.  

SGLT-2 inhibitors increased the risk of genital mycotic infections substantially. Our findings 
that SGLT-2 inhibitors did not increase the risk of urinary tract infections are in conflict with one 
review19 but in agreement with another.49 The evidence on SGLT-2 inhibitor comparisons 
regarding fractures, renal impairment, and volume depletion were not conclusive.  

Evidence on other adverse events including liver injury, lactic acidosis, macular 
edema/decreased vision, and severe allergic reactions was not conclusive in this report. 
Similarly, the evidence on the comparative effectiveness of diabetes medications in subgroups 
defined by age, sex, race/ethnicity, and BMI was generally inconclusive.  

Implications 
This update provides additional evidence supporting metformin as the first-line medication 

therapy to treat type 2 diabetes when tolerated, and supports a number of treatment options that 
can be added to metformin based on patient preferences. Not only is metformin favored on many 
intermediate outcomes including HbA1c and weight, we found more conclusive evidence to 
support a greater benefit on cardiovascular morbidity and mortality with metformin over 
sulfonylureas. This is consistent with several current guidelines such as the American College of 
Physicians (ACP) and American Diabetes Association (ADA) which recommend metformin as a 
first-line treatment choice. We did not find large differences in HbA1c-lowering effects of the 
diabetes medications studied except for DPP-4 inhibitors which were not as effective. 

Weight effects of the medications varied and this may be a valid consideration when 
choosing a medication to add to metformin. Similarly, each class of medications has differing 
common side effects (e.g., hypoglycemia, GI side effects) which may impact treatment choice; 
the evidence on rare, serious side effects is less clear. Overall, after first-line therapy with 
metformin, patient preferences and medication costs are likely to continue to drive selection of 
and adherence to the diabetes medications.  

Limitations of the Review Process 
A few key limitations to our review deserve mention. To focus on comparative effectiveness, 

we did not include placebo-controlled studies and instead evaluated head-to-head comparisons. 
We also excluded studies in which participants could take non-study drugs for treating diabetes 
(“background” medications) in which results were not stratified by medication. We used this 
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exclusion to avoid interactions between medications. This was especially important because of 
our goal of evaluating two-drug combinations. Using these criteria, we excluded some well-
known trials,50, 51 since investigators did not stratify their results to allow reporting on the head-
to-head comparisons of interest. We also used strict selection criteria for observational studies, 
mainly based on the control of confounding factors. In this way, we included observational 
studies with the most valid results to support conclusions. Finally, we did not evaluate patient-
reported outcomes such as quality of life; future research is needed to identify ideal measures to 
assess patient-reported outcomes in diabetes. 

Applicability 
Using the PICOTS (Population, Intervention, Comparisons, Outcomes, Timing, Setting) 

framework, the evidence in this report is generally applicable to the population of US adults with 
type 2 diabetes with a few notable concerns. Compared to the general population with diabetes,52 
populations in the included studies were slightly younger, included fewer elderly adults (e.g., 
often excluded persons >75 years of age), had fewer significant co-morbid conditions, and were 
less racially and ethnically diverse. Regarding the interventions, the majority of studies were less 
than two years long, but in usual care, patients with diabetes are on medications for decades. 
While many of the longer duration studies were consistent with the short-term findings, more 
studies lasting greater than 2 years are needed to better understand the durability of the 
differences reported in shorter-term studies.  

Research Gaps 
Using the PICOTS framework, we identified several important gaps in the evidence and 

highlight the major ones below: 
• Studies often excluded older adults, racial/ethnic minorities, and persons with co-morbid 

conditions such as significant renal, cardiovascular and hepatic impairment.  
• Studies rarely reported specified a priori subgroups of interest such as older adults, 

racial/ethnic minorities, sex, or BMI. 
• RCTs evaluating intermediate outcomes of glycemic control, weight, and blood pressure 

for GLP-1 agonist comparisons as monotherapy and in combination with metformin 
versus specific diabetes medication comparators were rarely included.   

• We did not identify any RCTs which had all-cause mortality, cardiovascular mortality, 
cardiovascular morbidity, or adverse events as a primary outcome.  

• The evidence base is completely lacking in studies on microvascular outcomes. 
• RCTs for long-term clinical outcomes and rare safety events were underpowered 

(characterized by small sample sizes, study duration generally 12 months or less, and low 
event rates). 

• Studies were lacking for specific safety concerns related to specific drugs (e.g., 
congestive heart failure [CHF] and thiazolidinediones; liver injury and 
thiazolidinediones; lactic acidosis and metformin; pancreatitis with DPP-4 inhibitors and 
GLP-1 agonists; macular edema and thiazolidinediones; hypovolemia, renal impairment 
and fractures for SGLT-2 inhibitors). 

• Few studies on intermediate outcomes, long-term outcomes or harms lasted more than 
two years whereas patients take diabetes medications for decades.  
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• Few studies compared metformin plus insulin with other specific metformin-based 
combinations.  The comparison of metformin plus insulin versus metformin plus a GLP-1 
agonist is particularly relevant for all outcomes when deciding on an add-on injectable to 
metformin.  

 
Based on these gaps, we make the following recommendations by outcome for future 

research: 
Intermediate Outcomes 
• Longer duration RCTs (>4 years) of all diabetes medication comparisons to determine if 

short-term comparative effects are durable. 
• RCTs evaluating the GLP-1 agonists as monotherapy and in combination with metformin 

are needed. If adding GLP-1 agonists to different background medications, then RCTs 
should conduct stratified randomization by background medication and evaluate effects 
by background medication in their analysis. See methodologic gaps below.  

• RCTs evaluating intermediate outcomes for metformin plus the addition of insulin with 
other metformin-based combinations, and in particular metformin plus a GLP-1 agonist 
would be useful for patients and clinicians contemplating an add-on injectable to 
metformin. 

Long-term Outcomes 
• Longer duration RCTs and higher quality observational studies (>2 years) of all diabetes 

medication comparisons for retinopathy, nephropathy, and neuropathy.  
• Longer duration RCTs and higher quality observational studies (>2 years) of all diabetes 

medication comparisons where all-cause mortality, cardiovascular mortality, and 
cardiovascular morbidity are the primary outcomes.   

Safety Outcomes 
• Higher-quality observational studies are needed for most safety outcomes (i.e. CHF, 

cancer, pancreatitis, hypovolemia, liver injury, lactic acidosis, macular edema/decreased 
vision, renal impairment, and severe allergic reactions). 

• To answer specific safety concerns related to specific drug classes, we also recommend 
the following more focused approach: 
o For CHF and macular edema, more studies are needed which directly compare 

thiazolidinediones with specific classes of diabetes medications directly. 
o For CHF, more studies are needed which directly compare DPP-4 inhibitors with 

specific classes of diabetes medications directly. 
o For pancreatitis, more studies are needed which directly compare DPP-4 inhibitors 

and GLP-1 agonists with other specific classes of diabetes medications directly. 
o For bladder cancer, more studies are needed which directly compare pioglitazone 

directly to other medications, and for thyroid cancer, more studies are needed which 
compare the GLP-1 agonists directly to other drugs.  

o For hypovolemia, renal impairment, and fractures, more studies are needed which 
directly compare SGLT-2 inhibitors with specific classes of diabetes medications 
directly. 

Subgroups 
• Studies which include older adults, racial/ethnically diverse populations, and adults with 

comorbid conditions (such as renal impairment, hepatic impairment, and cardiovascular 
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conditions) will allow investigators to conduct subgroup analyses on areas of interest, 
which is especially important for long-term and safety outcomes. 

• Studies with an a priori plan to investigate differences by important subgroups of interest 
(i.e., age, race, sex, and BMI) are needed. 

Methodological Gaps and Suggested Improvements 
Key methodological issues which severely limited our ability to draw conclusions from the 

existing evidence on the comparative effectiveness of diabetes medications include the 
following: lack of reporting on randomization methods for RCTs, allocation concealment, 
blinding, and withdrawals; inconsistent definitions and ascertainment of long-term and safety 
outcomes; inconsistent reporting of safety and long-term outcomes in each study arm; and lack 
of appropriate accounting for confounding for observational studies. Based on these 
methodological gaps, we make the following recommendations for future research: 

• Consistent adverse event and long-term outcome reporting for all arms in a study, with 
predefined outcomes and definitions, and a description of methods for ascertainment of 
outcomes 

• Consistent reporting of the number of deaths and other adverse events in each study arm, 
even if there were none 

• Consistent reporting of between-group comparisons of changes from baseline, as well as 
measures of dispersion to improve interpretation of findings 

• Use of clinically-relevant, standardized definitions for microvascular outcomes (e.g., 
incident nephropathy based on eGFR and urine albumin:creatinine ratios). 

• Use of clinically-relevant, standardized definitions for safety outcomes (e.g., liver injury 
>3x the upper limit of normal) and active ascertainment of these outcomes. 

• For randomized trials: 
o Consistent reporting of the steps taken to ensure randomization, allocation 

concealment, and double blinding  
o Focusing on retention of participants and followup of withdrawn participants if 

possible, especially for deaths and rare safety events (e.g., cancer) 
o If allowing more than one background medication, then stratifying randomization by 

background medication 
• High-quality observational studies, including post-marketing studies, are needed to 

strengthen the evidence base, especially given the resource-intense nature of adequately-
powered RCTs to evaluate long-term and safety outcomes. 

• For observational studies: 
o Consistent reporting of details of the treatment type, dose, timing and duration of use 

of the medication, when available 
o Appropriate control for confounders (including confounding by indication), such as 

the use of propensity scores  
o Comparison of one medication directly with another medication (e.g., as opposed to 

thiazolidinediones versus non-thiazolidinediones).  
• Consistent reporting on which medications are allowed as “background” medications and 

stratification of results by the combination therapy (for studies allowing use of 
“background” medications). 

ES-21 



Conclusions 
Although the comparative long-term benefits and harms of most diabetes medications remain 

unclear, the evidence continues to support the beneficial effects of metformin on intermediate 
and long-term outcomes, along with its relative safety. In this report, we provide comprehensive 
information comparing the benefits and minor and serious harms of diabetes medications. This 
can facilitate personalized treatment choices for clinicians and their patients as well as support 
decisionmaking by payers and regulators. This may be especially important as newer, costly 
medications come off patent and become more accessible to patients. 
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Introduction 
Background 

Type 2 diabetes currently affects 9.3 percent of the US population or 29.1 million people.1 
The proportion of affected individuals in the US varies greatly by race and ethnicity, with 16 
percent of American Indian/ Alaska Natives, 13 percent of non-Hispanic black Americans and 
Hispanic Americans, 9 percent of Asian Americans, and 7 percent of non-Hispanic white 
Americans afflicted with diabetes, the vast majority of which is type 2 diabetes.2 Within these 
racial categories, rates also vary substantially within sub-populations (e.g., South Asian-
Americans and East Asian-Americans).2 Estimates of diabetes incidence that include laboratory-
diagnosed diabetes, in addition to self-report, are higher than those reported by the US Centers 
for Disease Control and Prevention.3 Encouragingly, most reports in the US and Europe suggest 
that the incidence of disease has not been rising over the past decade.4 Similarly, the age at 
diagnosis has been relatively stable at 55 years in non-Hispanic whites, and 49 years in non-
Hispanic blacks and Hispanics.5 

Diabetes and its complications are a substantial public health burden as they contribute 
significantly to mortality, morbidity, and health care costs.1, 6 Costs related to diabetes were 
approximately $245 billion in 2012.1 Complications of longstanding diabetes include the 
microvascular complications of retinopathy and blindness, neuropathy, nephropathy, and end-
stage kidney disease. Diabetes is the most prevalent cause of new-onset blindness and new-onset 
end-stage renal disease in adults in the U.S. Diabetes also contributes importantly to 
macrovascular complications including coronary artery disease, peripheral arterial disease, and 
carotid artery disease and increases the risk of cardiovascular-related death nearly two-fold.7  

Lifestyle modification and pharmacologic therapy are the cornerstones of the management of 
hyperglycemia for type 2 diabetes.8 Results from randomized controlled trials have established 
that the risk of microvascular complications, particularly retinopathy, can be reduced with 
glycemic control in patients with type 2 diabetes.9, 10

 However, studies in the past decade have 
suggested, however, that using diabetes medications to achieve intensive glycemic control 
[hemoglobin A1c (HbA1c) less than 7%] does not have benefits on cardiovascular morbidity and 
mortality11, 12 and may harm patients, including those with important co-morbid conditions.13 
Recent work also suggests that the effects of intensive glucose lowering may vary across racial 
and ethnic groups.14

 These mixed results on the benefits and safety of glycemic control through 
pharmacologic therapy suggest the need for further research, including investigation of the long-
term impact of glucose lowering therapies. 

Even if there is resolution of the question about intensity of control, clinicians and other 
stakeholders are left with the question regarding the choice of the optimal agent for glucose 
lowering. Given the ever-increasing literature about type 2 diabetes medications and the recent 
approval of many new medications, an updated systematic review evaluating the effects of these 
medications on intermediate and long-term effectiveness and safety outcomes will be valuable to 
clinicians, patients, investigators, guideline developers, and payers. In this era of intensive direct-
to-consumer marketing of new drugs, clinicians need a trustworthy source of comprehensive 
information about the comparative effectiveness and safety of medications. This review seeks to 
inform diverse clinicians about treatment options for their patients; this includes family 
practitioners, general internists, nurse practitioners, physician assistants, nurses, pharmacists, 
endocrinologists, cardiologists, nephrologists, and others. Guideline developers may also find 
this review to be informative for clinical practice guideline preparation. Patients and patient 
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advocates will find the information valuable when making decisions about treatment options. 
Finally, investigators will be able to use the results of this review to identify gaps in the literature 
and formulate original research questions to fill these knowledge gaps.  

Rationale for Update of Review on Comparative 
Effectiveness of Diabetes Medications 

The Effective Health Care (EHC) Program of the Agency for Healthcare Research and 
Quality (AHRQ) has published two systematic reviews comparing monotherapies and 
medication combinations for adults with type 2 diabetes.15, 16

 In 2007, the AHRQ published its 
first systematic review, including 216 studies, on this topic.15 This review concluded that most 
U.S. Food and Drug Administration (FDA)-approved diabetes medications had similar effects on 
reducing HbA1c, and most drugs, except for metformin and acarbose, caused at least modest 
increases in body weight. The sulfonylurea class was associated with an increased risk of 
hypoglycemia, metformin with gastrointestinal problems, and the thiazolidinediones with heart 
failure. Importantly, the literature was too sparse to support any conclusions about differential 
effects of the oral diabetes medications on all-cause mortality, cardiovascular mortality and 
morbidity, and microvascular complications. When asked by AHRQ to update that review in 
2011, we identified an additional 140 randomized controlled trials and 26 observational studies.16 
We found that most medications lowered HbA1c by 1 absolute percentage point, on average, but 
metformin was more effective for HbA1c-lowering than the dipeptidyl-peptidase 4 (DPP-4) 
inhibitors, a newer class of diabetes medications approved since the initial report. The two-drug 
combinations largely all had similar effects on HbA1c reduction. Compared with metformin, 
thiazolidinediones and sulfonylureas contributed to more weight gain. Sulfonylureas had a four-
fold higher risk of mild/moderate hypoglycemia compared with metformin alone, and, in 
combination with metformin, had more than a five-fold increased risk of hypoglycemia when 
compared with metformin plus thiazolidinediones. The risk of congestive heart failure was 
higher with thiazolidinediones than with sulfonylureas, and the risk of bone fractures was higher 
with thiazolidinediones than with metformin. Thus, the evidence continued to support use of 
metformin as a first line agent based on its HbA1c and weight effects and side effect profile, and 
the risk of adverse effects was the main determinant of the risk-benefit balance for the two-drug 
combinations. 

Despite the addition of important evidence on the HbA1c-lowering and adverse effects of the 
FDA-approved diabetes at that time, data on the then recently-approved medication classes 
(glucagon-like peptide-1 (GLP-1) agonists and DPP-4 inhibitors) were sparse, and data on long-
term outcomes for both older and newer medications were still lacking.17, 18 Based on these prior 
systematic reviews, metformin has strong evidence to support its use as an initial pharmacologic 
treatment for most patients with type 2 diabetes;7 however, the evidence base regarding therapies 
for patients with intolerance or contraindications to metformin or when monotherapy is 
insufficient continues to evolve.  

Since January 2010, one new medication class [the sodium-glucose co-transporter 2 (SGLT-
2) inhibitors, with three new medications] and several new DPP-4 inhibitors and GLP-1 agonists 
have been approved by the FDA. Additional data on previously-approved medications have also 
emerged since 2010 which could change the balance of benefit and risk attributable to these 
drugs or could alter the strength of evidence about some of the drug comparisons previously 
reviewed.19-22 Including insulin, there are 10 medication classes with approval by the FDA for 
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treatment of type 2 diabetes. We have included most, although not all, in this updated systematic 
review. 

Table 1. Characteristics of medications included in this report 
Class Drug Trade name Dosing 

Biguanides Metformin Glucophage®, 
Glucophage XR® 

Oral: 500 to 2550 mg divided doses 
(qd to tid) 
Max dose: 2550 mg; 2000 mg for XR 

Thiazolidinediones Pioglitazone Actos® Oral: 15 to 30 mg qd 
Max dose: 45 mg qd 

 Rosiglitazone Avandia® Oral: 4 to 8 mg qd or 2 to 4 mg bid 
Max dose: 8 mg qd or 4 mg qd with 
insulin or sulfonylurea 

Sulfonylureas Glimepiride Amaryl® Oral: 1 to 8 mg qd 
Max dose: 8 mg qd 

 Glipizide Glucotrol®, Glucotrol 
XL® 

Oral: 5 to 15 mg qd or 5 to 20 mg bid 
Max dose: 20 mg bid, 20 mg qd for 
XL 

 Glyburide or 
glibenclamide 

DiaBeta®, Glynase® 
PresTab®, Micronase® 

Oral: 2.5 to 20 mg qd or bid 
Max dose: 20 mg qd 

DPP-4 inhibitors Alogliptin Nesina® Oral: 6.25 to 25 mg qd 
Recommended dose: 25 mg qd 

 Linagliptin Tradjenta® Oral: 5 mg qd 
Recommended dose: 5 mg qd 

 Saxagliptin Onglyza® Oral: 2.5 to 5 mg qd 
Recommended dose: 2.5 or 5 mg qd 

 Sitagliptin Januvia® Oral: 25 to 100 mg qd 
Recommended dose: 100 mg qd 

SGLT-2 inhibitors Canagliflozin Invokana® Oral: 100 to 300 mg 
Max dose: 300 mg 

 Dapagliflozin Farxiga® Oral: 5 to 10 mg qd 
Max dose: 10 mg qd 

 Empagliflozin Jardiance® Oral: 10 to 25 mg qd 
Max dose: 25 mg qd 

GLP-1 agonists Albiglutide injection Tanzeum® SC injection: 30 mg qw 
Max dose: 50 mg qw 

 Dulaglutide injection Trulicity® SC injection: 0.75 to 1.5 mg/0.5 mL 
Max dose: 1.5 mg/0.5 mL 

 Exenatide injection Byetta® SC injection: 5 to 10 mcg SC bid 
 Liraglutide injection Victoza® SC injection: 1.6 to 1.8 mg SC qd 
Basal insulin NPH insulin Humulin N®, Novolin 

N® 
NA 

 Insulin detemir Levemir® NA 
 Insulin glargine Lantus® 1 to 80 units daily 
Premixed insulin 50% NPH and 50% 

regular insulin 
Humulin® 50/50 NA 

 70% NPH and 30% 
regular insulin 

Humulin® 70/30 
Novolin® 70/30 

NA 

 50% lispro protamine 
suspension and 50% 
lispro  

Humalog Mix® 50/50 NA 

 75% lispro protamine 
suspension and 25% 
lispro  

Humalog Mix® 75/25 NA 

 70% aspart protamine 
suspension and 30% 
aspart 

NovoLog Mix® 70/30 NA 

bid = twice daily; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; mcg = microgram; mg = milligrams; mL = 
milliliter; NA = not applicable; NPH = neutral protamine Hagedorn; qd = once daily; qw = once weekly; SC = subcutaneous; 
SGLT-2 = sodium-glucose co-transporter-2; tid = three-times daily; XL = extended release; XR = extended release 

3 
 



Analytic Framework 
Our analytic framework describes the decisions that patients and their providers face when 

managing type 2 diabetes pharmacologically (Figure 1). It highlights the comparisons and 
outcomes of interest that correspond to each of the key questions in our review. When beginning 
medical treatment, patients usually begin with one of five drug classes (Table 1), which have all 
been FDA-approved for monotherapy. These include biguanides, thiazolidinediones, 2nd 
generation sulfonylureas, DPP-4 inhibitors, SGLT-2 inhibitors, and GLP-1 agonists. Clinical 
guidelines of the American Diabetes Association recommend monitoring HbA1c to determine 
the need for changing the medication dose or adding another agent to improve glycemic 
control.23

 If the HbA1c is not adequately controlled, clinicians typically add an additional oral 
diabetes medication, or may add insulin or a noninsulin injectable medication like a GLP-1 
agonist. Clinicians also monitor other intermediate outcomes such as weight and short-term and 
long-term safety and adverse effects of the drugs, which vary by drug class. Finally, the ultimate 
goal is to improve long-term outcomes. 
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Figure 1. Analytic framework 

  
BMI = body mass index; DPP-4 = dipeptidyl peptidase-4; GLP1 = glucagon-like peptide-1; HbA1c = hemoglobin A1c; KQ=key question; NPH = neutral protamine Hagedorn; 
SGLT-2 inhibitor = sodium-glucose co-transporter 2 
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Scope and Key Questions 
This review updates the 2011 review on oral diabetes medications for adults with type 2 

diabetes.16 In this review, we have chosen to focus on head-to-head drug comparisons for which 
there are evidence gaps (see Table 2). We have included a new FDA-approved class of oral 
diabetes medications, the SGLT-2 inhibitors, including empagliflozin, dapagliflozin, and 
canagliflozin. We have included new DPP-4 inhibitors approved since the last review, linagliptin 
and alogliptin; as well as GLP-1 agonists approved since the last review, albiglutide and 
dulaglutide. 

Given the unique and emerging safety concerns of some of these medications, we have 
included additional safety outcomes in the review including impaired renal function, urinary tract 
infections, genital infections, volume depletion, and bone fractures for studies that include a 
comparison with SGLT-2 inhibitors, and systolic blood pressure and heart rate as intermediate 
outcomes for studies including either SGLT-2 inhibitors or GLP-1 agonists. 

We have chosen to exclude meglitinides as interventions of interest as they are uncommonly 
used in current clinical practice (<1% of hypoglycemic prescriptions).24, 25 We evaluated 
meglitinides in our two earlier systematic reviews and found that this class has similar effects on 
HbA1c and similar rates of hypoglycemia as sulfonylureas. The 2011 update included little new 
information on meglitinides, and we expected to find little additional evidence for this class of 
medication.  

Similarly, we are no longer reporting on lipid levels as intermediate outcomes of interest. 
LDL targets are no longer universally the primary factor guiding the use of cholesterol-lowering 
therapy. Current guidelines suggest that 10-year global cardiovascular disease (CVD) risk should 
be used to determine statin usage and intensity, and this global risk score does not actually 
include low-density lipoprotein cholesterol.26 Furthermore, triglycerides and high-density 
lipoprotein are not usual targets of cholesterol therapy. Statin usage is recommended for all 
patients age 40 and over with diabetes in the US.27 Based on these new approaches to lipids, we 
did not feel that evidence of the impact of diabetes medications on lipid levels would be 
substantially informative to clinical care to warrant inclusion in this report. 

Key Questions 
Key Question 1a: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative effectiveness of the specified monotherapy FDA-approved diabetes medications 
(see Table 2) for the intermediate outcomes of hemoglobin A1c, weight, systolic blood pressure 
(for comparisons including SGLT-2 inhibitors or GLP-1 agonists), and heart rate (for 
comparisons including SGLT-2 inhibitors or GLP-1 agonists)? 

Key Question 1b: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative effectiveness of the specified metformin-based combinations of FDA-approved 
diabetes medications (see Table 2) for the intermediate outcomes of hemoglobin A1c, weight, 
systolic blood pressure (for comparisons including SGLT-2 inhibitors or GLP-1 agonists), and 
heart rate (for comparisons including SGLT-2 inhibitors or GLP-1 agonists)? 

Key Question 2a: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative effectiveness of the specified monotherapy FDA-approved diabetes medications 
(see Table 2) for the long-term clinical outcomes of all-cause mortality, cardiovascular and 
cerebrovascular morbidity and mortality, retinopathy, nephropathy, and neuropathy? 
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Key Question 2b: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative effectiveness of the specified metformin-based combinations of FDA-approved 
diabetes medications (see Table 2) for the long-term clinical outcomes of all-cause mortality, 
cardiovascular and cerebrovascular morbidity and mortality, retinopathy, nephropathy, and 
neuropathy? 

Key Question 3a: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative safety of the specified monotherapy FDA-approved diabetes medications (see Table 
2) regarding liver injury, lactic acidosis, pancreatitis, hypoglycemia, congestive heart failure, 
cancer, severe allergic reactions, macular edema or decreased vision, and gastrointestinal side 
effects; and for comparisons including SGLT-2 inhibitors, urinary tract infections, impaired renal 
function, genital mycotic infections, fracture, and volume depletion? 

Key Question 3b: In adults age 18 or older with type 2 diabetes mellitus, what is the 
comparative safety of the specified metformin-based combinations of FDA-approved diabetes 
medications (see Table 2) regarding liver injury, lactic acidosis, pancreatitis, hypoglycemia, 
congestive heart failure, cancer, severe allergic reactions, macular edema or decreased vision, 
and gastrointestinal side effects; and for comparisons including SGLT-2 inhibitors, urinary tract 
infections, impaired renal function, genital mycotic infections, fracture, and volume depletion? 

Key Question 4: Do the comparative safety and effectiveness of these treatments differ across 
subgroups defined by the age, sex, race/ethnicity, and body mass index (BMI) of adults with type 
2 diabetes? 
  

7 



Table 2. Priority Medication Comparisons Included for Each Key Question 
 Main Intervention Comparisons 

Monotherapy as 
main intervention 

Metformin • Thiazolidinediones* 
• Sulfonylureas† 
• DPP-4 inhibitors 
• SGLT-2 inhibitors 
• GLP-1 agonists 
• Combination of metformin plus thiazolidinedione 
• Combination of metformin plus sulfonylurea 
• Combination of metformin plus DPP-4 inhibitor 
• Combination of metformin plus SGLT-2 inhibitor 
• Combination of metformin plus GLP-1 agonist 

 Thiazolidinedione • Sulfonylureas 
• DPP-4 inhibitors 
• SGLT-2 inhibitors 
• GLP-1 agonists 

 Sulfonylurea • DPP-4 inhibitors 
• SGLT-2 inhibitors 
• GLP-1 agonists 

 DPP-4 inhibitor • SGLT-2 inhibitors 
• GLP-1 agonists 

 SGLT-2 inhibitor • GLP-1 agonists 
Combination 
therapy as main 
intervention 

Combination of metformin plus 
(thiazolidinedione or sulfonylurea or 
DPP-4 inhibitor or SGLT-2 inhibitor 
or GLP-1 agonist or basal insulin)  

• Combination of metformin plus (sulfonylurea or 
DPP-4 inhibitor or SGLT-2 inhibitor or GLP-1 
agonist or basal insulin or premixed insulin) 

DPP-4 inhibitor = dipeptidyl peptidase-4 inhibitor; GLP-1 agonist = glucagon-like peptide-1 receptor agonist; SGLT-2 inhibitor 
= sodium-glucose co-transporter 2 
* For studies comparing thiazolidinediones with metformin, we review only the outcomes of HbA1c, long-term outcomes, and 
select safety outcomes given the high strength of evidence from our prior evidence report for other outcomes (specifically 
fracture and weight).16 
† For studies comparing sulfonylureas with metformin, we review only the long-term outcomes and cancer given the high 
strength of evidence on the other outcomes from our prior CER.16 
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Methods 
Topic Refinement and Review Protocol 

This review updates the 2011 review on oral diabetes medications for adults with type 2 
diabetes.16 We recruited a Technical Expert Panel (TEP) to review a draft of the protocol and a 
summary of the revisions from the 2011 review (see the Scope and Key Questions section from 
the Introduction). The TEP included endocrinologists, general internists, biostatisticians, and 
representatives from government agencies. The TEP reviewed our protocol and provided 
feedback on the proposed methods for addressing the Key Questions. With the feedback from the 
TEP and the Agency for Healthcare Research and Quality (AHRQ) representatives, we finalized 
the protocol and posted it on AHRQ Effective Health Care Program’s Web site 
(www.effectivehealthcare.ahrq.gov). 

Literature Search Strategy 

Search Strategy 
The 2011 review searched the following databases for the dates listed: MEDLINE® (1966 to 

April 2010), Embase™ (1974 to April 2010), and the Cochrane Central Register of Controlled 
Trials (CENTRAL). Per AHRQ’s guidance, our new search dates overlapped the prior search by 
more than 1 year.28 We ran the search developed for the 2011 review with the date restrictions of 
April 2009 through July 2014 (see Appendix A). 

An additional expanded search included medical subject headings (MeSH) and text words for 
all of the new medications included in this updated report. The expanded search did not have any 
date restrictions. 

We handsearched the reference lists of all newly included articles and relevant systematic 
reviews. Additionally, we searched ClinicalTrials.gov to identify relevant registered trials. We 
also reviewed the Food and Drug Administration (FDA) Web site for any unpublished additional 
studies relevant to the topic as part of our grey literature search. We provided an opportunity for 
manufacturers of interventions to submit unpublished data as well. 

Study Selection 
Two independent reviewers conducted title scans. For a title to be eliminated at this level, 

both reviewers needed to indicate that the study was ineligible. If the reviewers disagreed, the 
article was advanced to the next level, which was abstract review.  

The abstract review phase was designed to identify studies reporting the effectiveness or 
safety of the medications and medication combinations of interest. Abstracts were reviewed 
independently by two investigators and were excluded if both investigators agreed that the article 
met one or more of the exclusion criteria (see the inclusion and exclusion criteria listed in Table 
3). Differences between investigators regarding the inclusion or exclusion of abstracts were 
tracked and resolved through consensus adjudication. 

Articles promoted on the basis of the abstract review underwent another independent parallel 
review to determine if they should be included in the final qualitative and quantitative systematic 
review and meta-analysis. The differences regarding article inclusion were tracked and resolved 
through consensus adjudication.  
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Table 3. Inclusion and exclusion criteria 
PICOTS Inclusion criteria Exclusion criteria 
Population • We included studies of adult humans 

with type 2 diabetes, non-insulin 
dependent diabetes mellitus, or adult-
onset diabetes. 

• We excluded studies of patients with type 1 
diabetes, impaired glucose tolerance, 
metabolic syndrome, maturity onset diabetes 
of youth, and gestational diabetes. 

• We excluded studies if they included only 
pregnant women or subjects less than or 
equal to 17 years of age. 

• We excluded studies where everyone was 
required to have at least one of the following 
comorbid conditions: ESLD, ESRD, cancer, 
new onset diabetes after organ transplant, or 
a recent cardiovascular event within the 3 
months prior to study start. 

Interventions • We included studies that evaluated a 
diabetes medication of interest or drug 
combination of interest (see Table 2). 

• We excluded studies that did not specify the 
adjunctive medications, such as those stating 
use of “any oral hypoglycemic” or if the study 
listed several possible medications without 
stratification of the results by treatment. 

Comparisons • We included studies that evaluated a 
comparison of interest (see Table 2). 

• We excluded studies that did not have a 
comparison group or that used a placebo 
comparison or non-pharmacological 
comparison. 

• We excluded intraclass head-to-head 
comparisons. 

Outcomes* • We included studies addressing the 
following intermediate outcomes for 
KQ1: 
 Hemoglobin A1c^ 
 Weight† 
 Systolic blood pressure‡ 
 Heart rate‡ 

• We included studies addressing the 
following long-term clinical outcomes 
for KQ2: 
 All-cause mortality 
 Cardiovascular and 

cerebrovascular morbidity and 
mortality 

 Retinopathy 
 Nephropathy 
 Neuropathy 

• We included studies addressing the 
following safety outcomes for KQ3: 
 Liver injury^ 
 Impaired renal function§ 
 Lactic acidosis^ 
 Pancreatitis^ 
 Hypoglycemia^ 
 Gastrointestinal side effects^ 
 Congestive heart failure^ 
 Cancer 
 Macular edema or decreased 

vision^ 
 Fractures§ 
 Urinary tract infections§ 
 Genital mycotic infections§ 
 Volume depletion§ 

• KQ4 included studies considering any 
of the above outcomes. 
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Type of study • For KQ1, we included only RCTs. 
• For KQ2 and KQ3, we included RCTs, 

non-randomized experimental studies 
with a comparison group, and high-
quality observational studies with a 
comparison group.  

• We included randomized trials utilizing 
a crossover design with some 
exceptions.ǁ 

• We excluded studies not written in English¶ 
and excluded articles with no original data.  

• We excluded meeting abstracts. 

Timing and 
setting 

 • We excluded studies in which the observed 
intervention or exposure period was less 
than 3 months, 12 weeks, or 90 days. 

ESLD = end-stage liver disease; ESRD = end-stage renal disease; KQ = Key Question; RCT = randomized controlled trial 
* Of note, some outcomes could be classified as either safety or long-term clinical outcomes (e.g., myocardial infarction and 
cancer). 
^ We did not evaluate this outcome for metformin vs. sulfonylurea comparisons as the evidence was high from the prior report. 
† We did not evaluate this outcome for metformin vs. thiazolidinedione or metformin vs. sulfonylurea comparisons as the 
evidence was high from the prior report. 
‡ We evaluated this outcome only for comparisons that included a GLP-1 agonist or a SGLT-2 inhibitor. 
§ We evaluated this outcome only for comparisons that included a SGLT-2 inhibitor. 
ǁ For crossover randomized trials, we abstracted data on all outcomes at the end of the first period prior to the crossover. If data 
were not presented at the end of the first period, then we excluded the article for the following outcomes where we would be 
unable to draw conclusions about causality: long-term outcomes (KQ2), fractures, cancer, intermediate outcomes in studies 
where there was a washout period of less than 3 months; and safety outcomes in studies where the washout period was less than a 
month except for hypoglycemia, gastrointestinal side effects, and liver injury. 
¶ We decided to include non-English language articles through the full text article review phase of the updated search and assess 
the volume and content of these articles along with workload to determine if abstracting data from these articles would add value 
to the review.  

Data Extraction 
We used a systematic approach to extract all data to minimize the risk of bias in this process. 

We used standardized forms from the previous reviews as templates for data extraction and pilot 
tested them for the new medications and outcomes. By creating standardized forms for data 
extraction, we sought to maximize consistency in identifying all pertinent data available for 
synthesis.  

We double-reviewed all data abstracted from the studies. The second reviewer confirmed the 
first reviewer’s abstracted data for completeness and accuracy. Reviewer pairs were formed to 
include personnel with both clinical and methodological expertise. A third reviewer audited a 
random sample of articles to ensure consistency in the data abstraction of the articles. Reviewers 
were not be masked to the authors of the articles, their respective institutions, nor the journals in 
which their articles were published. 

For all articles, the reviewers extracted information on the general study characteristics (e.g., 
study design, study period, and followup), study participants (e.g., age, sex, race, weight/body 
mass index, hemoglobin A1c levels, and duration of diabetes), interventions (e.g., initial, 
maximum, and mean doses, frequency of use, duration of use, and permissibility of treatment 
intensification with additional therapies), comparisons, the method of ascertainment of safety 
outcomes, and the outcome results, including measures of variability. We also collected data on 
outcomes for the subgroups of interest, which were age, sex, race/ethnicity, and body mass index 
(BMI). 

For continuous outcomes, we extracted the mean difference between groups and a measure of 
dispersion. If the between-group difference was not reported, we calculated the point estimate of 
the difference using the mean difference from baseline for each group. If the mean difference 
from baseline was not reported, we calculated this from the baseline and final values for each 
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group.29 If there were no measures of dispersion for the mean difference from baseline for each 
group, we calculated the variance using the standard deviation of the baseline and final values, 
assuming a correlation between baseline and final values of 0.5. 

We entered all information from the article review process into a DistillerSR database 
(Evidence Partners Inc., Ottawa, Canada). Reviewers entered comments into the system 
whenever applicable. The DistillerSR database was used to maintain the data and to create 
detailed evidence tables and summary tables. Data will later be uploaded into the Systematic 
Review Data Repository. 

Risk of Bias Assessment of Individual Studies 
Two independent reviewers assessed study quality. We assessed the risk of bias in individual 

randomized controlled trials (RCTs) using the Jadad criteria consistent with the prior report.30 
We used the Downs and Black tool for assessment of risk of bias for non-randomized trials and 
observational studies.31 Given that observational studies with a high risk of bias add little value 
to a systematic review of effectiveness,32 we included only medium- and high-quality 
observational studies as determined by assessment of each study’s risk of bias. For inclusion, we 
required that observational studies account for the following potential confounders: age, sex, 
either race or socioeconomic status, and co-morbid conditions (either quantified with a co-
morbidity scale or index, or by inclusion of other medical conditions or medications used by the 
patient, or with valid methods to adjust for confounding by indication or restricted to one race or 
age group making adjustment unnecessary). If the study met both the confounding and losses to 
follow up criteria, the observational study was considered eligible for inclusion in the review. 
The Downs and Black tool and other inclusion criteria for nonrandomized trials and 
observational studies were also applied to the non-randomized trials and observational studies 
that had been included in the prior report.16 

Data Synthesis 
For each Key Question, we created a set of detailed evidence tables containing all 

information extracted from eligible studies, including those from the prior evidence reports. We 
included the results of individual studies included in the prior report as well as the newly-
identified studies. We conducted meta-analyses when there were sufficient data (at least three 
trials) and studies were sufficiently homogenous with respect to key variables (population 
characteristics, study duration, and drug dose). For trials having more than one dosing arm, we 
chose the arm for inclusion that had dosing most consistent with the other trials considered for 
inclusion in the meta-analysis. When more than one followup interval was reported, we used the 
data from the followup most similar to the other trials. 

We tested the heterogeneity among the trials considered for quantitative pooling using a 
standard chi-squared test using a significance level of alpha less than or equal to 0.10. We also 
examined heterogeneity among studies with an I-squared statistic, which describes the variability 
in effect estimates that is due to heterogeneity rather than random chance. We considered a value 
greater than 50 percent to indicate substantial heterogeneity.33 We pooled the mean difference 
between groups using a random-effects model with the DerSimonian and Laird formula in 
settings of low heterogeneity (I-squared <50%).34 We pooled studies using the profile likelihood 
estimate when we detected high statistical heterogeneity (I-squared >50%).35 When data were 
not sufficient or appropriate to combine in a meta-analysis, we summarized the outcomes by 
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reporting the ranges of values for mean differences from baseline or mean differences between 
groups, when available. 

Since we anticipated that most drugs would have similar physiologic effects within a class, 
we combined studies of unique medications within classes when reporting outcomes except 
where known differences exist (such as the effects of pioglitazone and rosiglitazone on 
cardiovascular outcomes). If we saw substantial heterogeneity (I-squared >50%) in pooled 
estimates for any outcome, we stratified studies by medication within a class and repeated the 
pooled analyses and recalculated measures of heterogeneity. Additionally, when there were at 
least 10 studies for a given comparison and outcome and evidence of statistical heterogeneity, we 
attempted to determine other reasons for heterogeneity by evaluating study-level characteristics, 
such as baseline values of the outcome, study duration, quality measures, or dosing differences 
between study arms using metaregression techniques. We also conducted sensitivity analyses by 
omitting one study at a time to assess the influence of any single study on the pooled estimates. 

For the outcome of hypoglycemia, we conducted separate analyses for: (a) severe 
hypoglycemia and (b) mild or moderate hypoglycemia. The categories were based on the 
definitions of hypoglycemia provided in the studies. For hypoglycemia and all other 
dichotomous outcomes, we calculated pooled odds ratios using a random-effects model with the 
DerSimonian and Laird formula in settings of low heterogeneity34 or the profile likelihood 
estimate in settings of high heterogeneity.35 

Reporting Bias Assessment 
We assessed reporting biases in the included RCTs as follows:36 
1) Publication bias was evaluated by:  

a) Using the Begg and Mazumdar37 and the Egger38 test to quantitatively assess for 
publication bias when there were at least 10 studies for a given comparison and 
outcome pair 

b) Comparing ClinicalTrials.gov entries and actual publications for evidence of absence 
of published literature 

c) Comparing FDA medical and statistical reviews and actual publications for evidence 
of absence of published literature. 

2) Selective Outcomes Reporting bias was evaluated by comparing differences in reporting 
on the outcomes of hemoglobin A1c (HbA1c), hypoglycemia, and all-cause mortality in the 
actual publications to the FDA medical and statistical reviews. 

3) Selective Analysis Reporting bias was evaluated by assessing the precision of outcome 
data reporting by determining the number of studies which reported on an outcome of interest 
(e.g., HbA1c) but did not report a precise measure of dispersion completely or at all. We 
assessed this for the outcomes of HbA1c, hypoglycemia, and all-cause mortality. For 
dichotomous outcomes (hypoglycemia and all-cause mortality), we evaluated the number of 
studies reporting both the n of events and the n at risk for the event (i.e., numerator and 
denominator for risk). We reviewed this for the studies included for the update only. 

Strength of the Body of Evidence 
At the completion of our review, two reviewers sequentially graded the available evidence 

addressing the Key Questions by adapting an evidence grading scheme recommended by the 
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Guide for Conducting Comparative Effectiveness Reviews.39 We applied evidence grades to the 
bodies of evidence about each intervention comparison for each outcome. We assessed the study 
limitations, consistency, directness, precision, and reporting bias. 

We assessed the study limitations of individual studies using the tools described in the Risk 
of Bias of Individual Studies section. We started with the assumption that randomized controlled 
trials would have “low” study limitations and observational studies would have “medium” study 
limitations. We downgraded the study limitations score based on the items in the quality 
assessment tools. 

We rated the body of evidence as “consistent” if at least 75% of the studies showed the same 
direction of effect. We rated the consistency of comparison-outcome dyads for which there was 
only a single study as “unknown.” All other bodies of evidence were rated as “inconsistent.” 

We rated the bodies of evidence for all outcomes as “direct” except for heart rate and liver 
injury. We rated the bodies of evidence for heart rate as “indirect” because the association 
between heart rate and clinically important outcomes such as mortality is less strong in adults 
with diabetes.40 We rated the bodies of evidence for the outcome of liver injury as “indirect” 
since most of the studies used liver injury enzyme elevation as the indicator of injury.  

If we conducted a meta-analysis for a body of evidence, we relied on the results of the meta-
analysis to rate precision and used the designated minimally important differences as a point of 
reference for precision. For continuous outcomes, we rated the body of evidence as “imprecise” 
if one-half of the width of the confidence interval for the meta-analysis was wider than the 
minimally important difference. We defined the minimally important difference to be 0.3% for 
HbA1c, 1 kg for weight, and 3 mmHg for systolic blood pressure. If there was no meta-analysis, 
we rated precision by evaluating the narrowness of the confidence intervals or the magnitude of 
the P-value. For dichotomous outcomes, we evaluated precision using the optimal information 
size for that outcome. If the total sample size across both arms of the studies was greater than the 
optimal information size, then we rated the body of evidence as “precise.” Otherwise, it was 
rated as “imprecise.” We estimated rough optimal information sizes using the Mantel Hanzel 
model for relative odds and incorporating the approximate baseline rate of the outcome and the 
desired minimum detectable relative odds (Table 4).41 

Table 4. Optimal information size for one arm and classification of dichotomous outcomes for 
optimal information size 

 “Low” detectable OR, 
1.05 

“Medium” detectable 
OR, 1.5 

“High” detectable OR, 
2.0 

“Low” baseline risk, 0.01 654,548 (All-cause 
mortality, cardiovascular 
mortality, cardiovascular 
morbidity, cancer, diabetic 
nephropathy) 

8,364 (Liver injury, 
pancreatitis, severe 
allergic reaction, renal 
impairment, congestive 
heart failure, 
microalbuminuria, volume 
depletion) 

2,597 

“Medium” baseline risk, 
0.15 

51,168 (Severe 
hypoglycemia) 

690 (Urinary tract 
infections, genital 
infections) 

225 

“High” baseline risk, 0.3 31,296 446 (Hypoglycemia) 153 (Gastrointestinal 
events) 

OR = odds ratio 

We rated reporting bias by evaluating publication bias, selective outcomes reporting bias, and 
selective analysis reporting bias (described in the Reporting Bias Assessment section). If any of 
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these domains was rated as “suspected,” then we rated the body of evidence as having 
“suspected” reporting bias. Otherwise, we rated reporting bias as “undetected.” 

We classified evidence pertaining to the Key Questions into four categories: (1) “high” grade 
(indicating high confidence that the evidence reflects the true effect and further research is very 
unlikely to change our confidence in the estimate of the effect); (2) “moderate” grade (indicating 
moderate confidence that the evidence reflects the true effect but further research could change 
our confidence in the estimate of the effect and may change the estimate); (3) “low” grade 
(indicating low confidence that the evidence reflects the true effect and further research is likely 
to change our confidence in the estimate of the effect and is likely to change the estimate); and 
(4) “insufficient” grade (indicating evidence is unavailable or the body of evidence has 
unacceptable deficiencies, precluding reaching a conclusion). We provided a conclusion 
regarding if a given drug was favored over another (or if neither was favored) when the evidence 
permitted this.  

We graded the evidence separately for the RCTs and the observational studies.39 The final 
evidence grade and conclusion was typically based on the RCT grade and could be strengthened 
by evidence from the observational studies. We noted differences between RCT and 
observational evidence in the text when present. 

Applicability 
We discussed the applicability of studies in terms of the degree to which the study population 

(e.g., age, sex, race/ethnicity, and co-morbid conditions), interventions (e.g., dose, frequency, 
rescue therapy, duration of exposure), outcomes (e.g., outcome definition and reporting), and 
settings are typical of the treatment of individuals with type 2 diabetes who are receiving 
treatment in a usual care setting (conceived as outpatient treatment by internists, family 
physicians, and endocrinologists). 
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Results 
Results of Literature Searches 

We included 166 publications in our previous review. After excluding studies without a 
comparison or an outcome relevant to this update, and cohort studies not meeting our revised 
quality criteria, we included 104 studies (published in 107 articles) in this update.  

We retrieved 16,251 unique citations from our updated literature search (Figure 2). After 
reviewing titles, abstracts, and full text, we included 115 new studies (published in 142 new 
articles). Ten of the new publications were either extensions or additional analyses of studies 
included in the previous review.  

In total, we include in this review 229 studies, published in 249 articles. 
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Figure 2. Summary of the search (number of articles)

 
FDA = Food and Drug Administration 

Electronic databases 
MEDLINE® (5982)  
EMBASE® (17315) 
Cochrane (1589) 

Retrieved 
24886 

Title review 
16251 

Duplicates 
8635 

Abstract review 
5570 

Excluded 
10681 

Excluded 
4179 

Article review 
1384 

Excluded 
1240 (update) 
61 (previous) 

Included 
229 studies (249 

publications) 

Reasons for exclusion at abstract review* 
No original data: 1814 
No human data: 108 
No adults: 17 
No patients with type 2 diabetes: 131 
No control group: 571 
No comparison of interest: 1548 
Not an FDA-approved formulation: 14 
Followup less than 1 month: 236 
Does not apply: 835 
Other: 201 

Included in 
previous review 

166 

Reasons for exclusion at article review* 
No original data: 78 
Meeting abstract: 621 
Study population not exclusively patients with type 
2 diabetes: 8 
Does not meet the study design criteria: 65 
Not a comparison of interest: 294 
Placebo-controlled trial: 49 
Not an FDA-approved formulation: 1 
Patients allowed on background medications: 225 
No outcome of interest: 61 
Followup less than 3 months: 21 
Study population was required to have a comorbid 
condition†: 25 
Does not apply: 38 
Non-randomized study that does not report on a 
long-term outcome or adverse event: 16 
Non-randomized study that does not account for 
confounding: 75 
Other: 10 

* Total may exceed number in corresponding box, as articles could be excluded for more than one reason at this level. 
† Comorbid condition restrictions were end-stage renal disease, end-stage liver disease, cancer, new onset diabetes after 
transplant, or a cardiovascular event within 3 months (e.g., acute coronary syndrome, acute myocardial infarction, post-coronary 
artery bypass graft surgery, or with drug-eluting stents) 

Key Question 1a and 1b: Intermediate Outcomes 

Study Design and Population Characteristics 
Two hundred and five randomized controlled trials (RCTs) (reported in 211 articles) 

evaluated intermediate clinical outcomes for adults with type 2 diabetes, and met our inclusion 
criteria (Appendix D, Tables 1 to 4). All trials were parallel arm RCTs except one which also 
used a crossover design42 and one which also used a factorial design.43 About half the trials 
answering Key Question 1 occurred partly or exclusively in the United States (US) (n = 37), Italy 

17 



(n = 19), and/or were multi-national (n = 67); the rest of the trials occurred in developed or 
newly industrialized countries. These RCTs lasted from 12 weeks to 5.5 years; however, most 
studies (95%) lasted less than a year and only four studies lasted more than 2 years (including the 
well-known Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of Glycemia in 
Diabetes (RECORD), and A Diabetes Outcome Progression Trial (ADOPT)).44-47 Only 9% of 
studies (n=19) reported receiving no pharmaceutical support, while about 20% of RCTs (n = 38) 
did not describe whether or not they received pharmaceutical support. The number of studies not 
reporting on pharmaceutical support has dropped from 25% of the studies included in the last 
diabetes medication comparative effectiveness report16 to only 5% of the newly included 87 
studies in this update. The use of rescue therapy was not reported in 43 of the 91 studies included 
(47.2%), was not allowed in 19 studies (20.9%), and was allowed in 29 studies (31.9%). In the 
studies where rescue therapy was allowed, 11 studies did not specify which medications were 
used, and when reported, the medications varied greatly. 

Study participants were mainly middle-aged, overweight, or obese adults who had had 
diabetes between 3 to 7 years. The exclusion criteria were generally similar for most trials: 
significant renal, cardiovascular, and hepatic disease. About half the trials (58%) excluded older 
subjects (generally over 75 to 80 years old). Almost all the studies reported a diverse gender mix 
among the participants. About 29% of the RCTs did not report race/ethnicity. In this update, the 
percent not reporting race/ethnicity had increased from 20% of the 119 studies in the prior 
report16 to 40% of the 86 studies in the newly included studies. When race was reported, most 
subjects were Caucasian but between 10% and 20% of the enrolled population was of other races 
in these studies. The mean baseline HbA1c among study subjects varied from 6 to 12 absolute 
percentage points, with most subjects having a mean baseline HbA1c between 7 and 9 absolute 
percentage points. 

Risk of Bias 
All of the studies included in this section were described as randomized (Figure 3). Fifty-two 

percent described their randomization scheme and another 65 percent were described as being 
double-blinded. About one-third (34 percent) of all double-blinded RCTs also described the steps 
taken to ensure blinding. The majority of trials (85 percent) described the withdrawals and 
dropouts. 
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Figure 3. Summary of the risk of bias of randomized controlled trials evaluating intermediate 
outcomes 

  

Key Points and Evidence Grades 

Hemoglobin A1c 

Monotherapy Comparisons 
• Most oral diabetes medications had similar efficacy in achieving reductions in 

hemoglobin A1c (HbA1c), with absolute reduction by around 1 absolute percentage point 
compared with baseline values.  
o The strength of evidence was graded high that metformin was similar to sulfonylurea 

(pooled between-group difference of 0.1 percent; 95% confidence interval [CI],  
-0.1% to 0.3%) in the prior report. Therefore, we did not update this comparison for 
HbA1c in this review.  

o The strength of evidence (SOE) was also graded as high that metformin was similar 
to thiazolidinedione with a pooled between-group difference of -0.02% (95% CI,  
-0.10% to 0.07%). 

o Thiazolidinediones performed similarly to sulfonylureas with a pooled between-group 
difference of -0.04% (95% CI, -0.13% to 0.06%).  

o The strength of evidence was graded as low or insufficient for the monotherapy 
comparisons with the newer classes of sodium-glucose cotransporter (SGLT-2) 
inhibitors and glucagon-like peptide-1 (GLP-1) agonists, and will warrant further 
study.  

• The one exception was that metformin had a greater reduction in HbA1c compared with 
dipeptidyl peptidase-4 (DPP-4) inhibitors, with a pooled between-group difference of  
-0.4% (95% CI, -0.5% to -0.3%). (SOE: High) 

• All combination therapies were better at reducing HbA1c than monotherapy regimens, 
with between-group differences of around 0.7 to 1 absolute percentage points. (SOE: 
Moderate or High) 
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Metformin-Based Combination Comparisons 
• The combination of metformin plus GLP-1 agonists reduced HbA1c more than 

metformin plus DPP-4 inhibitors, with a pooled between-group difference of -0.65% 
(95% CI, -0.75% to -0.54%). (SOE: Moderate) 

• Most other combination therapy comparisons had either no significant or no clinically 
meaningful (<0.3%) between-group differences in HbA1c between arms.  

• The evidence was graded as moderate for the following comparisons: metformin plus a 
thiazolidinedione versus metformin plus a sulfonylurea, metformin plus a 
thiazolidinedione versus metformin plus a DPP-4 inhibitor, metformin plus a 
sulfonylurea versus metformin plus an SGLT-2 inhibitor, and metformin plus a DPP-4 
inhibitor versus metformin plus an SGLT-2 inhibitor. 

Weight 

Monotherapy Comparisons 
• Metformin had greater weight reductions than thiazolidinediones (pooled mean between-

group difference of -2.6 kg; 95% CI, -4.1 kg to -1.2 kg) or sulfonylureas (pooled mean 
between-group difference of -2.7 kg; 95% CI, -3.5 kg to -1.9 kg) in the 2011 report with 
high strength of evidence. Therefore, we did not update these two comparisons in this 
report. 

• Metformin had greater weight reduction than DPP-4 inhibitors (pooled mean between-
group difference, -1.3 kg; 95% CI, -1.6 kg to -1.0 kg). (SOE: High) 

• SGLT-2 inhibitors had greater weight reduction when compared with metformin or DPP-
4 inhibitors (between-group differences ranging from 1.3 kg to 2.7 kg). (SOE: Moderate 
for both comparisons) 

• DPP-4 inhibitors and GLP-1 agonists both decreased weight more than thiazolidinediones 
(range in between-group differences of 2.3 kg and 3.5 kg). (SOE: Moderate for both 
comparisons) 

• GLP-1 agonists decreased weight more than sulfonylureas (pooled mean between-group 
difference, -2.3 kg; 95% CI, -3.3 kg to -1.2 kg). (SOE: Moderate)  

• Sulfonylureas caused slightly less weight gain when compared with thiazolidinediones 
(between-group difference of -1.2 kg; 95% CI, -1.8 kg to -0.6 kg). (SOE: Moderate)  

• Metformin monotherapy reduced weight more than the combination of metformin plus a 
thiazolidinedione (pooled mean between-group difference, -2.2 kg; 95% CI, -2.6 kg to  
-1.9 kg) or metformin plus a sulfonylurea (pooled mean between-group difference, -2.2 
kg, 95% CI, -3.4 kg to -1.0 kg). (SOE: High for both comparisons) 

• When compared with metformin, the combination of metformin plus 
o SGLT-2 inhibitor had greater weight reduction (pooled mean between-group 

difference, 2.1 kg; 95% CI, 1.5 kg to 2.6 kg). (SOE: High) 
o GLP-1 agonist had greater weight reduction (pooled mean between-group difference, 

1.8 kg; 95% CI, 1.1 kg to 2.5 kg). (SOE: Moderate) 
• Metformin monotherapy had no significant differences in weight when compared with 

the combination of metformin plus DPP-4 inhibitors (pooled mean between-group 
difference, -0.1 kg; 95% CI, -0.3 kg to 0.01 kg). (SOE: High) 

20 



Metformin-Based Combination Comparisons 
• The combinations of metformin plus a sulfonylurea, metformin plus a GLP-1 agonist, and 

metformin plus a DPP-4 inhibitor all had a more favorable effect on weight compared 
with metformin plus a thiazolidinedione (range in between-group differences, 0.9 kg to 
5.1 kg). (SOE: Moderate for all comparisons) 

• When compared with the combination of metformin plus a sulfonylurea, the combination 
of metformin plus  
o DPP-4 inhibitors had more favorable effects on weight (pooled mean between-group 

difference, 2.2 kg; 95% CI, 1.8 kg to 2.5 kg). (SOE: High) 
o SGLT-2 inhibitors had more favorable effects on weight (pooled mean between-

group difference, 4.7 kg; 95% CI, 4.4 kg to 5.0 kg). (SOE: High) 
o GLP-1 agonist had more favorable effects on weight (range in mean between-group 

differences, 2.4 kg to 12.3 kg). (SOE: Moderate) 
o Premixed insulin or basal insulin had less favorable effects on weight (range in mean 

between-group differences, -0.5 kg to -1.7 kg). The strength of evidence is low for 
both comparisons due to the small number of studies. However, taken together the 
strength of evidence would be moderate favoring metformin plus sulfonylurea over 
metformin plus a premixed or long-acting insulin. 

• When compared with metformin plus a DPP-4 inhibitor,  
o The combination of metformin plus a GLP-1 agonist has greater reductions in weight 

(pooled mean between-group difference, 1.8 kg; 95% CI, 1.1 kg to 2.5 kg). (SOE: 
Moderate) 

o The combination of metformin plus SGLT-2 inhibitors had greater reductions in 
weight (between-group differences of around 2.5 kg). (SOE: Moderate) 

Systolic Blood Pressure (For Comparisons That Include SGLT-2 
Inhibitors or GLP-1 Agonists) 

Monotherapy Comparisons 
• SGLT-2 inhibitors had a greater reduction in systolic blood pressure compared with 

metformin, with a pooled between-group difference of 2.8 mmHg (95% CI, 2.6 mmHg to 
3.0 mmHg). (SOE: Moderate) 

• The strength of evidence was graded low or insufficient for the following comparisons:  
o SGLT-2 inhibitors versus DPP-4 inhibitors, and  
o GLP-1 agonists versus metformin, thiazolidinediones, sulfonylureas, and DPP-4 

inhibitors.  
• Metformin plus a SGLT-2 inhibitor reduced systolic blood pressure more than metformin 

alone, with a pooled between-group difference of 4.9 mmHg (95% CI, 2.4 to 6.3 mmHg). 
(SOE: High) 

• Metformin plus a GLP-1 agonist reduced systolic blood pressure more than metformin 
alone, with a pooled between-group difference of 3.1 mmHg (95% CI, 1.4 to 4.9 mmHg). 
(SOE: Moderate)  

Metformin-Based Combination Comparisons 
• Metformin plus a SGLT-2 inhibitor reduced systolic blood pressure more than metformin 

plus a sulfonylurea (pooled between-group difference, 5.1 mmHg; 95% CI, 4.2 mmHg to 
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5.9 mmHg) or metformin plus a DPP-4 inhibitor (pooled between-group difference, 4.1 
mmHg; 95% CI, 3.6 mmHg to 4.6 mmHg). (SOE: High and Moderate respectively) 

Heart Rate (For Comparisons That Include SGLT-2 Inhibitors or GLP-1 
Agonists) 

Monotherapy Comparisons 
• Metformin compared with a GLP-1 agonist yielded no differences in heart rate between 

arms. (SOE: Moderate)  
• There was low or insufficient evidence for all metformin combination therapies 

compared with metformin alone. 

Metformin-Based Combination Comparisons 
• Combination therapy with metformin plus a SGLT-2 inhibitor resulted in less increase in 

heart rate compared with metformin plus a sulfonylurea (pooled between group 
difference in heart rate, 1.5 bpm; 95% CI, 0.6 bpm to 2.3 bpm). (SOE: Moderate)  

The Evidence About Hemoglobin A1c 

Monotherapy Comparisons 

Metformin Versus Thiazolidinediones 
Twenty-two RCTs lasting around a year or less directly compared metformin with a 

thiazolidinedione, showing no between-group differences in HbA1c, with a pooled between-
group difference of -0.04% (95% CI, -0.11% to 0.03%) (Figure 4).48-69 We tested the relative 
effect of each individual study to the combined point estimate. No single study influenced the 
pooled results. No substantial heterogeneity was identified. 

We excluded three studies from the meta-analysis, one with a median study duration of 4 
years,45 one which reported median HbA1c instead of means,70 and one study where the mean 
difference between groups could not be calculated.71 The 4-year double-blind RCT (known as 
the ADOPT study) was designed to compare long-term glycemic control between metformin, 
rosiglitazone, and glyburide monotherapy as initial treatment for adults with type 2 diabetes.45 
The authors found a statistically significant but small difference between groups favoring 
rosiglitazone (mean difference between groups 0.1%; 95% CI, 0.05% to 0.2%). Of note, the 
HbA1c decreased in all groups for the first 6 months, and then increased in all groups over the 
rest of the study. The other two short duration RCTs excluded from the meta-analysis were 
consistent with the pooled results. One study reported no between-group differences in median 
HbA1c.70 The second study was missing the number in each arm needed to calculate the 
between-group difference. Since this was an RCT, we calculated the between-group difference 
with the assumption of equal numbers in each arm which showed no statistically significant 
differences between-groups in HbA1c.71 (SOE: High; Neither drug favored) 
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Figure 4. Pooled mean between-group difference in hemoglobin A1c comparing metformin with 
thiazolidinediones 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); HbA1c = hemoglobin 
A1c 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus Sulfonylureas 
In the prior report, we graded the evidence as high showing no differences in HbA1c 

between-groups for this comparison. Therefore, we did not re-evaluate this comparison for 
HbA1c.  

Metformin Versus DPP-4 Inhibitors 
Six short duration RCTs (reported in nine articles) compared metformin with DPP-4 

inhibitors (sitagliptin, alogliptin, linagliptin and saxagliptin).66, 72-79 These studies reported 
greater reductions in HbA1c with metformin, with a pooled between-group difference in HbA1c 
of -0.4% (95% CI, -0.5% to -0.3%) (Figure 5). No single study strongly influenced the meta-
analysis results. In the three studies using both low and high metformin dosages compared with 
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the maximum dose DPP-4 inhibitor, we included the maximum dose metformin arm to make the 
drug dosages most comparable in the meta-analysis. The lower dose metformin arms (1000 mg) 
compared with maximum dose DPP-4 showed no statistically significant between-group 
differences in HbA1c.76-78 

Two RCTs (in five articles) were reported as extension studies.72, 73, 75, 77, 79 The shorter 
duration studies were included in the meta-analysis since their study durations were more similar 
to the other studies in the meta-analysis. The first RCT comparing metformin 1000 mg twice 
daily with sitagliptin 100 mg daily reported HbA1c at 24 weeks,72 54 weeks,73 and 104 weeks.77 
The between-group difference in HbA1c of -0.5% favored metformin over sitagliptin at both 24 
and 54 weeks of followup. At week 104, there was no significant difference between-groups in 
HbA1c, but there was high and differential losses to followup among the arms (74% loss to 
followup in the sitagliptin arm and 48% in the metformin arm). The second 76-week study79 was 
an RCT initially reported at 24 weeks comparing metformin up to 1000 mg twice daily with 
saxagliptin 10 mg daily. In this study, the between-group difference of -0.3 in HbA1c non-
significantly favored metformin at 24 weeks75 and statistically significantly favored metformin at 
76 weeks (mean difference between-groups in HbA1c, -0.2%; 95% CI, -0.5% to -0.03%),79 
which is consistent with the meta-analysis results. (SOE: High; Metformin favored) 

Figure 5. Pooled mean between-group difference in hemoglobin A1c comparing metformin with 
DPP-4 inhibitors 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); HbA1c = hemoglobin A1c 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus SGLT-2 Inhibitors 
Three short duration and one longer duration RCTs (reported in three articles) compared 

metformin with an SGLT-2 inhibitor, showing no consistent between-group differences in 
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HbA1c among the studies.80-82 We did not combine these studies in a meta-analysis due to dosing 
and study duration differences. Two of the short duration studies reported in one article 
compared metformin XR titrated to 2000 mg with dapagliflozin 5 mg in one study, and 
compared metformin XR titrated to 2000 mg with dapagliflozin 10 mg in the second study.80 
Both studies, lasting 24 weeks, reported no significant between-group differences in HbA1c.80 
The study comparing metformin XR to the lower dose dapagliflozin arm of 5 mg had a mean 
difference between-groups in HbA1c which favored metformin by 0.16% although non-
significantly, while the study comparing metformin XR to the higher dose dapagliflozin arm of 
10 mg did not favor either arm. The third study comparing a lower dose of metformin XR of 
1500 mg daily with dapagliflozin 10 mg daily for 12 weeks favored the dapagliflozin arm, with a 
calculated mean difference between-groups in HbA1c of 0.12% (95% CI, 0.08% to 0.16%).81 
The 90-week RCT comparing metformin 1000 mg twice daily with empagliflozin 10 mg daily 
and 25 mg daily, reported no significant differences between groups in HbA1c.82 (SOE: Low; 
Neither drug favored) 

Metformin Versus GLP-1 Agonists 
Three studies lasting a year or less compared metformin versus a GLP-1 agonist, with no 

consistent between-group differences in HbA1c (Figure 6).66, 83, 84 We did not combine the 
studies in a meta-analysis due to study duration and dosing differences. Each study compared 
metformin at 1500 mg or higher to a GLP-1 agonist (exenatide twice daily in one study, 
exenatide weekly in a second study, and dulaglutide weekly in a third study) lasting 24 to 52 
weeks in duration. Only one had a borderline significant result favoring dulaglutide 1.5 mg 
weekly over metformin titrated to 2000 mg daily after 52 weeks, with a calculated mean between 
group difference in HbA1c of 0.2% (95% CI, 0.0% to 0.4%).83 This same study also had a lower-
dose dulaglutide arm at 0.75 mg weekly which showed no significant difference in HbA1c when 
compared with metformin titrated to 2000 mg daily.83 (SOE: Low; Neither drug favored) 
  

25 



Figure 6. Mean between-group difference in hemoglobin A1c comparing metformin with GLP-1 
agonists 

 
CI = confidence interval; GLP-1 = glucagon-like peptide-1; ES = effect size (mean between-group difference in the change from 
baseline); HbA1c = hemoglobin A1c 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a Thiazolidinedione 
Fourteen studies lasting less than a year compared metformin with the combination of 

metformin plus a thiazolidinedione (eight studies with rosiglitazone and six studies with 
pioglitazone)48, 52, 60, 85-95 and showed a greater improvement in HbA1c with the combination 
therapy in all the studies. The pooled between-group difference for all the studies combined had 
marked heterogeneity, but the metaregression and stratified meta-analysis results show consistent 
superiority of combination therapy (Table 5). The baseline HbA1c and dosing differences 
between arms were significant sources of heterogeneity. Studies with higher baseline HbA1c 
(HbA1c > 8%) had greater between-group differences than studies with lower baseline HbA1c 
(HbA1c < 8%). Studies with smaller dosing differences between study arms had smaller 
between-group differences in HbA1c than studies with larger dosing differences between arms. 
The one long study,96 with 80 weeks of followup, compared metformin titrated to 2000 mg daily 
with metformin plus rosiglitazone titrated to 8/2000 mg daily. In that study, with around 5% loss 
to followup, the adjusted mean difference in HbA1c between groups favored combination 
therapy by 0.5%, consistent with the results in the shorter studies. (SOE: High; Combination of 
metformin plus a thiazolidinedione favored) 
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Table 5. Pooled mean between-group difference in HbA1c comparing metformin with a 
combination of metformin plus a thiazolidinedione stratified by baseline HbA1c and dosing 
differences 

Variables N of 
studies 

WMD (95% CI) I2 Summary 

Baseline HbA1c <8% 7 0.43% (0.23% to 0.63%) 79% Favored metformin + thiazolidinedione 
Baseline HbA1c >=8% 7 0.88% (0.73% to 1.04%) 18% Favored metformin + thiazolidinedione 
Small dosing differences 
between study arms* 

4 0.25% (0.16% to 0.34%) 0% Favored metformin + thiazolidinedione 

Large dosing differences 
between study arms* 

10 0.79% (0.64% to 0.95%) 57% Favored metformin + thiazolidinedione 

CI = confidence interval; HbA1c = hemoglobin A1c; WMD = weighted mean difference 
*Studies were grouped together that had similar between-group differences in study dosing between arms. This led to two 
categories: those studies with smaller and larger between-group differences in drug dosing. We used the random effects point 
estimate for the weighted mean difference of the large dosing differences since profile likelihood estimate results would not 
converge. 

Metformin Versus a Combination of Metformin Plus a Sulfonylurea 
Fifteen RCTs lasting less than a year compared metformin with the combination of 

metformin plus a second-generation sulfonylurea, with all of the studies favoring the 
combination arm over monotherapy (pooled between-group difference, 0.9%; 95% CI, 0.7% to 
1.2%) (Figure 7).42, 48, 97-109 

No single study markedly influenced the results. Meta-regression was conducted due to 
substantial heterogeneity, but none of the a priori variables were found to be significant 
including study duration, dosing differences, appropriate randomization, double blinding, 
baseline HbA1c or whether the study reported on withdrawals and dropouts. The study by 
Blonde et al. showed the greatest between-group differences; this study used a high dose 
combination and started with the highest baseline HbA1c compared with other studies.100 The 
study with the smallest between-group difference underdosed the metformin arm substantially in 
the metformin plus sulfonylurea arm.48 Three of the six dose-response studies showed a dose-
response gradient favoring greater reductions in HbA1c with a higher dose combination than 
with a lower dose combination.100, 101, 103 One crossover study initially showed a difference 
between groups at the first crossover and then a negative rebound effect when changing the 
combination to monotherapy.42 One study by Ahren et al. was excluded from the meta-analysis 
since the study duration was longer than the other studies.110 This study lasting 104 weeks 
compared metformin at > 1500 mg daily to the combination of metformin at > 1500 mg daily 
plus glimepiride (up to 4 mg daily), and showed a between-group difference in HbA1c of 0.63% 
favoring the combination arm which was consistent with the results of the shorter studies 
included in the meta-analysis. (SOE: High; Combination of metformin plus a sulfonylurea 
favored) 
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Figure 7. Pooled mean between-group difference in hemoglobin A1c comparing metformin with a 
combination of metformin plus a sulfonylurea 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); HbA1c = hemoglobin 
A1c 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
Twenty-six RCTs lasting a year or less directly compared metformin with the combination of 

metformin plus a DPP-4 inhibitor – all favoring the combination arm, with a pooled between-
group difference of 0.65% (95% CI, 0.60% to 0.70%) (Figure 8).46, 72, 75, 76, 78, 87, 95, 108, 111-128 No 
single study markedly influenced the results, and no substantial heterogeneity was identified. 

Two short studies were not included in the meta-analysis due to dosing differences in one 
study and median HbA1c being reported in the other study.129, 130 The one RCT with dosing 
differences compared uptitration of metformin to 2500 mg in the metformin monotherapy arm 
while the combination arm metformin dose was only uptitrated to 1500 mg with addition of the 
DPP-4 inhibitor; therefore, this study had a smaller between-group difference than the other 
studies. The 12-week study130 reporting median HbA1c described a non-significant between-
group difference in median HbA1c of 0.9% (p=0.1) favoring the combination arm of metformin 
(>1000 mg daily) plus sitagliptin (100 mg daily) over metformin alone (>1000 mg daily). 
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Four longer studies (two of which were extension studies) lasting 76 to 104 weeks also 
compared metformin with a metformin plus a DPP-4 inhibitor, with consistent results to the 
shorter studies.77, 79, 110, 131 All four of the studies favored the combination arm, with a pooled 
between-group difference in HbA1c of 0.53% (95% CI, 0.47% to 0.59%) (Figure 8). No single 
study markedly influenced the results, and no substantial heterogeneity was found. (SOE: High; 
Combination of metformin plus a DPP-4 inhibitor favored) 

Figure 8. Pooled mean between-group difference in hemoglobin A1c comparing metformin with a 
combination of metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); HbA1c = hemoglobin A1c 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Seven RCTs (reported in six articles) lasting less than a year compared metformin alone with 

metformin plus an SGLT-2 inhibitor, with all studies favoring the combination arm (pooled 
between-group difference in HbA1c, 0.67%; 95% CI, 0.61% to 0.74%) (Figure 9).80, 122, 125, 127, 

132, 133 No single study markedly influenced the results, and no substantial heterogeneity was 
identified. Consistent with the meta-analysis results, two additional RCTs lasting 102 weeks had 
statistically significant between-group differences in HbA1c of 0.4% and 0.8% favoring the 
combination arms.134, 135 (SOE: High; Combination of metformin plus a SGLT-2 inhibitor 
favored) 

Figure 9. Pooled mean between-group difference in hemoglobin A1c comparing metformin with a 
combination of metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); HbA1c = hemoglobin 
A1c; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a GLP-1 Agonist 
Four short RCTs lasting less than a year and one RCT lasting 2 years compared metformin 

with metformin plus a GLP-1 agonist (albiglutide, liraglutide, dulaglutide, and exenatide), with 
all studies significantly favoring the combination arm over the monotherapy arm (range in 
between-group differences in HbA1c of 0.5% to 1.3%).110, 128, 136-138 We did not combine these 
studies in a meta-analysis due to differences in baseline HbA1c, study duration, and drug dosing. 
The two studies with lower mean baseline HbA1c of 6.3% and 7.2% had between-group 
differences in HbA1c of 0.5%137, 138 while the three studies with higher mean baseline HbA1c of 
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around 8.0% had between-group differences in HbA1c ranging from 0.8% to 1.3%.110, 128, 136 
(SOE: Moderate; Combination of metformin plus a GLP-1 agonist favored) 

Thiazolidinediones Versus Sulfonylureas 
Thiazolidinediones (pioglitazone and rosiglitazone) and second-generation sulfonylureas 

(glibenclamide, glimepiride, and glyburide) had similar effects on HbA1c in 15 short duration 
RCTs, with a pooled mean difference between groups of -0.04% (95% CI, -0.13% to 0.06%) 
(Figure 10).53, 54, 56, 67, 139-149 In a sensitivity analysis, we found no single study influenced the 
results , and there was no substantial heterogeneity between studies. We excluded one short 
duration RCT from the meta-analysis since it did not report a number for analysis in each arm.71 
This open label 12-week RCT compared rosiglitazone titrated to 4-8 mg daily with glipizide 
titrated to 5-15 mg daily, and reported a greater reduction in HbA1c in the thiazolidinedione arm 
(-0.9%) compared with the glipizide arm (-0.3%).71  

We excluded the ADOPT study from the meta-analysis due to its long duration (median 
followup of 4 years).45 As mentioned previously, this double-blind RCT evaluated the long-term 
glycemic control between metformin, rosiglitazone, and glyburide monotherapy as initial 
treatment for type 2 diabetic adults. The between-group difference between rosiglitazone and 
glyburide favored rosiglitazone after 4 years (mean difference between-groups, -0.4%; 95% CI, -
0.5% to -0.3%). Of note, glyburide reduced HbA1c more than rosiglitazone initially. The HbA1c 
then rose higher in the glyburide arm than in the rosiglitazone arm after 1.5 years. (SOE: High; 
Neither drug favored in the short-term. SOE: Insufficient; Unable to determine effect in the long-
term.) 
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Figure 10. Pooled mean between-group difference in hemoglobin A1c comparing 
thiazolidinediones with sulfonylureas 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); HbA1c = hemoglobin 
A1c 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Thiazolidinediones Versus DPP-4 Inhibitors 
Three RCTs lasting less than 26 weeks compared pioglitazone with the DPP-4 inhibitors 

alogliptin and sitagliptin with no clear between-group differences in HbA1c (range in between-
group differences of -0.48% to 0.23%).43, 66, 150 We did not combine the studies due to dosing 
differences among the studies. The one RCT with maximal dosing in both arms (pioglitazone 
titrated to 45 mg daily in one arm and sitagliptin 100 mg daily in the other arm) favored 
pioglitazone over sitagliptin (between group difference in HbA1c of -0.5%; 95% CI -0.7% to -
0.3%).66 The other two RCTs used maximum dose DPP-4 inhibitors compared with moderately-
dosed pioglitazone at 30 mg daily and reported no significant between-group differences in 
HbA1c.43, 150 (SOE: Insufficient; Unable to determine effect) 

Thiazolidinediones Versus GLP-1 Agonists 
One double-blind moderately-sized RCT compared pioglitazone titrated to 45 mg daily with 

exenatide 2 mg weekly.66 After 26 weeks, the calculated between-group difference in HbA1c 
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favored pioglitazone by -0.2% (95% CI, -0.4% to 0.0%).66 (SOE: Insufficient; Unable to 
determine effect) 

Sulfonylureas Versus DPP-4 Inhibitors 
Three RCTs lasting 54 weeks or less compared a sulfonylurea (glipizide or glimepiride) with 

a DPP-4 inhibitor (sitagliptin or linagliptin) with no clear between-group differences in 
HbA1c.151-153 We did not combine these studies in a meta-analysis due to dosing differences and 
study population differences. Two RCTs non-significantly favored sulfonylureas over the DPP-4 
inhibitor arms (between-group differences in HbA1c of -0.22% and -0.28%).151, 153 The third 
RCT enrolled patients with moderate or severe renal insufficiency at baseline and compared 
glipizide (mean dose 7.7 mg) with sitagliptin at 25 or 50 mg daily depending on the participant’s 
renal function.152 This study showed no significant differences in HbA1c between-groups.152 
(SOE: Insufficient; Unable to determine effect) 

Sulfonylureas Versus GLP-1 Agonists 
Four RCTs (reported in five articles) compared sulfonylureas directly with a GLP-1 agonist 

(all studies using liraglutide).154-158 Three of the four studies favored liraglutide over 
sulfonylureas.154, 155, 157, 158 We did not combine these trials in a meta-analysis due to dosing 
differences between studies. Only two of the four studies used approximately equipotent dosing 
in the two arms. The first reported no statistically significant differences between the two 
arms.156 The second RCT favored the GLP-1 arm, with a between-group difference in HbA1c of 
0.6% (95% CI, 0.4% to 0.8%) at 52 weeks and 0.3% (95% CI, 0.2% to 0.4%) at the 104-week 
followup.157, 158 The two other RCTs lasting 24 and 52 weeks significantly favored the liraglutide 
arm by 0.5% each,154, 155 yet both of these studies used relatively lower doses in the sulfonylurea 
arm compared with the liraglutide arm making it difficult to discern drug differences versus 
dosing differences.154, 155 (SOE: Insufficient; Unable to determine effect) 

DPP-4 Inhibitors Versus SGLT-2 Inhibitors 
Only one double-blind moderately-sized RCT lasting 24 weeks compared the DPP-4 

inhibitor sitagliptin at 100 mg daily with the SGLT-2 inhibitor empagliflozin at 10 mg and 25 mg 
daily.159 The lower dose empagliflozin arm showed no significant between-group differences in 
HbA1c when compared with sitagliptin 100 mg daily. The higher dose empagliflozin 25 mg arm 
was favored slightly but not significantly over sitagliptin 100 mg, with a between-group 
difference in HbA1c of 0.01% (95% CI, -0.03% to 0.3%).159 (SOE: Insufficient; Unable to 
determine effect) 

DPP-4 Inhibitors Versus GLP-1 Agonists 
One RCT compared a DPP-4 inhibitor with a GLP-1 agonist with a significant between-

group difference in HbA1c favoring the GLP-1 agonist.66 This double blind, moderately-sized 
RCT compared sitagliptin at 100 mg daily with exenatide 2 mg weekly for 26 weeks, with a 
calculated between-group difference in HbA1c of 0.3% (95% CI, 0.07% to 0.49%) favoring 
exenatide.66 (SOE: Insufficient; Unable to determine effect) 
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Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

Eight comparably-dosed RCTs lasting less than a year directly compared the combination of 
metformin plus a thiazolidinedione with metformin plus a sulfonylurea, showing a pooled 
between-group difference in HbA1c of -0.06% (95% CI, -0.19% to 0.06%) (Figure 11).160-167 No 
single study markedly influenced the results, and no substantial heterogeneity was found. We 
excluded four studies from the meta-analysis due to dosing concerns within the studies.48, 168-170 
Two studies used lower doses in the metformin plus sulfonylurea arms than the comparator arms, 
and found between-group differences in HbA1c favoring the metformin plus thiazolidinedione 
arms (-0.3% in both studies).48, 168 Two additional studies used submaximal sulfonylurea in the 
metformin plus sulfonylurea arm, with one of the two studies then favoring the metformin plus 
thiazolidinedione arm. A sensitivity analysis including these four studies in the meta-analysis 
shows no marked differences in the pooled estimate and confidence interval but more 
heterogeneity. 

In the meta-analysis, we included the 18 month results from the Rosiglitazone Evaluated for 
Cardiovascular Outcomes in Oral Agent Combination Therapy for Type 2 Diabetes (RECORD) 
study since the study duration was comparable to the other included studies.161 The RECORD 
study was a multicenter open label RCT evaluating 4447 patients with type 2 diabetes and 
uncontrolled glycemia already on metformin or sulfonylurea monotherapy.44, 161 The 
investigators randomly assigned subjects to the addition of rosiglitazone or to a combination of 
metformin and sulfonylurea, and the primary endpoint was cardiovascular hospitalization or 
cardiovascular death. They reported glycemic control at a mean of 18 months and 5.5 years after 
study start.44, 161 The between-group difference in HbA1c of -0.07% was small and not 
significant in the 516 subjects with 18-month followup.161 In the article reporting on the mean 
followup of 5.5 years in 2222 subjects, the between-group difference in HbA1c of -0.29% 
significantly favored metformin plus rosiglitazone over metformin plus sulfonylurea.44 (SOE: 
Moderate; Neither drug combination favored) 
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Figure 11. Pooled mean between-group difference in hemoglobin A1c comparing a combination of 
metformin plus a thiazolidinedione with a combination of metformin plus a sulfonylurea 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); HbA1c = hemoglobin 
A1c; Met = metformin; SU = sulfonylurea; TZD = thiazolidinedione 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Five short RCTs compared metformin plus rosiglitazone with the combination of metformin 
plus sitagliptin, slightly favoring the metformin plus thiazolidinedione arms (pooled between-
group difference in HbA1c, -0.12%; 95% CI, -0.21% to -0.02%) (Figure 12).87, 95, 171-173 No 
substantial heterogeneity was identified in the meta-analysis. Removing the study by Bergenstal 
et al.173 changed the confidence interval to become non-significant (95% CI with Bergenstal et 
al. removed, -0.19 to 0.006). This study173 was not qualitatively different than the other studies, 
so we included it in the overall meta-analysis. This meta-analysis may underestimate the effect 
of metformin plus thiazolidinedione over metformin plus DPP-4 inhibitors since two of the 
studies used lower drug doses in the metformin plus thiazolidinedione arms.171, 172 (SOE: 
Moderate; Combination of metformin plus a thiazolidinedione favored) 
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Figure 12. Pooled mean between-group difference in hemoglobin A1c comparing a combination of 
metformin plus a thiazolidinedione with a combination of metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); HbA1c = hemoglobin A1c; Met = metformin; TZD = thiazolidinedione 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Two short RCTs, with adequate dosing in both arms, compared metformin plus 
thiazolidinediones (pioglitazone and rosiglitazone) with metformin plus a GLP-1 agonist 
(exenatide) and had conflicting results.173, 174 The 20-week RCT comparing a combination of 
metformin and rosiglitazone with the combination of metformin and exenatide showed no 
significant between-group differences in HbA1c (between-group difference, -0.1%; P = 0.7).174 
The 26-week RCT comparing the combination of metformin and pioglitazone with the 
combination of metformin and weekly exenatide favored the metformin plus exenatide arm 
(mean difference in HbA1c, 0.3%; 95 CI, 0.05% to 0.55%).173 (SOE: Insufficient; Unable to 
determine effect) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Seven studies (reported in eight articles) compared the combination of metformin plus 
sulfonylurea with metformin plus a DPP-4 inhibitor. We combined three RCTs lasting a year or 
less comparing metformin plus a sulfonylurea with metformin plus a DPP-4 inhibitor, showing 
no significant between-groups differences in HbA1c (pooled between-group difference, -0.04%; 
95 CI, -0.10% to 0.02%) (Figure 13).175-177 However, all three RCTS underdosed the metformin 
plus sulfonylurea arms using a moderate dose of sulfonylurea while using the maximum dose of 
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the DPP-4 inhibitors. No single study strongly influenced the meta-analysis results and no 
substantial heterogeneity was found. One additional short RCT was excluded from the meta-
analysis since we were unable to calculate a measure of variability.108 This study reported a mean 
change from baseline in HbA1c that significantly favored the metformin plus sulfonylurea arm 
over the metformin plus DPP-4 inhibitor arm of -0.2%, despite low dosing of the sulfonylurea. 

Four longer studies lasting 104 weeks also compared the combination of metformin plus a 
sulfonylurea with the combination of metformin plus a DPP-4 inhibitor, showing no significant 
pooled between-group difference in HbA1c (-0.07%; 95% CI, -0.17% to 0.04%) (Figure 13).110, 

178-180 However, all four RCTs titrated the sulfonylurea to a moderate dose compared to using 
fixed maximum doses of DPP-4 inhibitors. One of the longer studies was an extension of a study 
included in the meta-analysis of the shorter studies.177 Removing the study by Goke et al.179 
changed the pooled estimate to significantly favor the metformin plus sulfonylurea arm over the 
metformin plus DPP-4 inhibitor arm; however, this study was not clearly different than the other 
studies and was retained in the meta-analysis. (SOE: Low; Neither drug combination favored) 

Figure 13. Pooled mean between-group difference in hemoglobin A1c comparing a combination of 
metformin plus a sulfonylurea with a combination of metformin plus a DPP-4 inhibitor, stratified 
by study duration 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); HbA1c = hemoglobin A1c; Met = metformin; pl = profile likelihood estimate; SU = sulfonylurea 
Boxes indicate individual study point estimates. The width of the horizontal lines represents the 95 percent confidence intervals 
for each study. The line at the bottom of the graph indicates the 95 percent confidence interval for the profile likelihood pooled 
estimate. 
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Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Three RCTs lasting 1 to 2 years compared the combination of metformin plus sulfonylurea 
with the combination of metformin plus a SGLT-2 inhibitor (empagliflozin, dapagliflozin, or 
canagliflozin).181-183 All three favored the combination of metformin plus an SGLT-2 inhibitor 
with a pooled between-group difference in HbA1c of 0.15% (95% CI, 0.10% to 0.20%) (Figure 
14).181-183 No single study markedly influenced the results, and no substantial heterogeneity was 
identified. While all three studies used the maximum fixed dose of the SGLT-2 inhibitor, the 
sulfonylurea arms were all uptitrated to a moderate dose (mean glimepiride dose of 3 mg in one 
study, mean glimepiride dose of 5.6 mg in a second study and a mean glipizide dose of 16 mg in 
the third study). One of the three studies also compared the combination of metformin plus a 
lower dose SGLT-2 inhibitor arm of canagliflozin 100 mg daily with the combination of 
metformin plus glimepiride (mean dose of 5.6 mg daily), reporting no significant between-group 
differences in HbA1c of 0.01%.181 (SOE: Moderate; Combination of metformin plus a SGLT-2 
inhibitor favored) 

Figure 14. Pooled mean between-group difference in hemoglobin A1c comparing a combination of 
metformin plus a sulfonylurea with a combination of metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); HbA1c = hemoglobin 
A1c; Met = metformin; SGLT-2 = sodium-glucose co-transporter-2; SU = sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Six RCTs compared metformin plus sulfonylurea with metformin plus a GLP-1 agonist, with 
conflicting results.110, 184-188 While no clear source of heterogeneity was identified, intraclass 
differences could be part of the reason for the conflicting results. Three short duration RCTs 
lasting a year or less compared metformin plus sulfonylurea with metformin plus exenatide, all 
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favoring the combination of metformin plus sulfonylurea despite submaximal doses of 
sulfonylureas being compared with maximal doses of daily exenatide (pooled between-group 
difference in HbA1c, -0.26%; 95% CI, -0.48% to -0.03%) (Figure 15).184, 186, 188 No single study 
strongly influenced the results, and no substantial heterogeneity was identified. An additional 
longer duration RCT excluded from the meta-analysis due to dosing and study duration 
differences compared metformin plus low dose glimepiride (mean daily dose: 2 mg) with 
metformin plus high dose exenatide (mean daily dose: 17 micrograms) with about a 75% loss to 
followup among the treatment groups over 48 months. The primary outcome was time to 
treatment failure. They also evaluated HbA1c using a mixed model repeated measures analysis at 
different time points, and reported no significant between-group differences at 1 year. At 2 years, 
they report a significant between-group difference in HbA1c, favoring the metformin plus 
exenatide group by 0.2% which was maintained at 3 years.185  

Three RCTs also compared metformin plus a sulfonylurea with metformin plus other types of 
GLP-1 agonists (albiglutide or liraglutide), with conflicting results.110, 187, 188 These were 
excluded from the meta-analysis due to dosing, drug type, and study duration differences. The 
first 16-week RCT compared metformin plus glimepiride (titrated to 4 mg daily) with similar 
dosed metformin plus liraglutide (titrated to 1.8 micrograms daily), favoring the combination of 
metformin plus sulfonylurea (mean between-group difference, -0.3%; 95% CI, -0.34% to -
0.27%).187 Another 16-week RCT comparing metformin plus sulfonylurea (titrated to 4 mg 
daily) with metformin plus liraglutide (titrated to 1.8 micrograms daily) showed no significant 
between-group differences in HbA1c of 0.06% (95% CI, -0.11% to 0.23%).188 The 104-week 
RCT with about 10% loss to followup compared metformin plus submaximal dose glimepiride 
(titrated to 4 mg daily) with the combination of metformin plus maximum dose albiglutide 
(titrated to 50 mg weekly), favoring the metformin plus albiglutide arm (mean between-group 
difference in HbA1c, 0.3%; 95% CI, 0.1% to 0.5%).110 (SOE: Low; Combination of metformin 
plus exenatide favored; SOE: Insufficient; Unable to determine effect for combination of 
metformin plus other GLP-1 agonists) 
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Figure 15. Pooled mean between-group difference in hemoglobin A1c comparing a combination of 
metformin plus a sulfonylurea with a combination of metformin plus a GLP-1 agonist 

 
CI = confidence interval; GLP-1 = glucagon-like peptide-1; ES = effect size (mean between-group difference in the change from 
baseline); HbA1c = hemoglobin A1c; Met = metformin; SU = sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a Basal Insulin 

One small open-label RCT lasting 48 weeks compared the combination of metformin plus a 
sulfonylurea with the combination of metformin plus a basal insulin, showing no significant 
differences between-groups in HbA1c of 0.1% (95% CI, -0.5% to 0.7%).189 Patients were kept 
on their prior metformin doses and were randomized to uptitration of glimepiride (mean daily 
dose of 4 mg) versus uptitration of insulin glargine (mean daily dose of 23 units). Uptitration was 
stopped after reaching fasting plasma glucose titration goals.189 (SOE: Insufficient; Unable to 
determine effect) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a Premixed Insulin 

Two 16-week RCTs compared metformin plus glibenclamide with the combination of 
metformin plus a premixed insulin analogue – insulin aspart 70/30 in one study and insulin lispro 
75/25 in the other study, with different results.190, 191 These differences may have been due to 
differences in dosing of the medications. The RCT190 that showed no significant between-group 
differences in HbA1c (-0.11%, p = 0.238) reported their mean total dose for each combination 
arm, while the other RCT which significantly favored the metformin plus premixed insulin 
analogue (insulin aspart 70/30) arm over the metformin plus sulfonylurea arm (between-group 
difference of 0.46%, p = 0.027) did not clearly report mean total or maximum doses.191 Another 
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possible difference may have been the type of premixed insulin analogue. (SOE: Insufficient; 
Unable to determine effect) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Three short, sufficiently-dosed RCTs lasting a year or less compared the combination of 
metformin plus a DPP-4 inhibitor (all sitagliptin) with the combination of metformin plus an 
SGLT-2 inhibitor (canagliflozin or empagliflozin). The studies significantly favored the 
combination of metformin plus an SGLT-2 inhibitor (pooled between-group difference in 
HbA1c, 0.15%; 95% CI, 0.05% to 0.25%) (Figure 16).122, 125, 127 Removal of the study by 
Lavalle-Gonzalez et al.127 made the pooled estimate effects borderline non-significant. However, 
this study127 is qualitatively similar to the other studies and should be retained. No substantial 
heterogeneity was found in the meta-analysis. 

One longer RCT lasting 90 weeks comparing metformin plus sitagliptin with metformin plus 
empagliflozin at maximum doses was consistent with the shorter studies’ pooled results, favoring 
slightly the metformin plus empagliflozin arm (mean between-group difference in HbA1c, 0.2%; 
95% CI, 0.0% to 0.5%).82 (SOE: Moderate; Combination of metformin plus a SGLT-2 inhibitor 
favored) 

Figure 16. Pooled mean between-group difference in hemoglobin A1c comparing a combination of 
metformin plus a DPP-4 inhibitor with a combination of metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); HbA1c = hemoglobin A1c; Met = metformin; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Three adequately-dosed RCTs lasting a year or less compared the combination of metformin 
plus sitagliptin with the combination of metformin plus a GLP-1 agonist (liraglutide or 
exenatide). All three RCTs significantly favored the combination of metformin plus a GLP-1 
agonist (pooled between-group difference in HbA1c, 0.65%; 95% CI, 0.54% to 0.75%) (Figure 
17).128, 173, 192 No single study markedly influenced the meta-analysis results, and no substantial 
heterogeneity was identified. One longer study lasting 104 weeks compared metformin plus 
sitagliptin with metformin plus albiglutide, significantly favoring the metformin plus albiglutide 
arm by 0.4% consistent with the shorter studies’ pooled results.110 (SOE: Moderate; Combination 
of metformin plus a GLP-1 agonist favored) 

Figure 17. Pooled mean between-group difference in hemoglobin A1c comparing a combination of 
metformin plus a DPP-4 inhibitor with a combination of metformin plus a GLP-1 agonist 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); GLP-1 = glucagon-like peptide-1; HbA1c = hemoglobin A1c; Met = metformin 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a Basal Insulin 

One moderately-sized 24-week RCT compared metformin plus sitagliptin 100 mg daily with 
metformin plus insulin glargine titrated to 0.5 units per kg, significantly favoring the metformin 
plus insulin glargine arm with a mean between-group difference in HbA1c of 0.59% (95% CI, 
0.42% to 0.76%).193 (SOE: Low; Combination of metformin plus a basal insulin favored) 
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Combination of Metformin Plus a GLP-1 Agonist Versus a Combination of 
Metformin Plus a Basal Insulin 

Two RCTs (reported in three articles) compared metformin plus a GLP-1 agonist with 
metformin plus a basal insulin, showing no between-group differences in HbA1c.47, 194, 195 One 
small 56-week RCT compared the combination of metformin and exenatide (titrated to a 
maximum of 20 micrograms daily) with the combination of metformin and glargine insulin, 
showing similar reductions in HbA1c (between-group difference of -0.1%).195 The exenatide 
combination arm had about 25% of their subjects on higher than the maximum recommended 
dose of exenatide. This study was reported in another article with a 3-year followup showing no 
significant between-group differences in HbA1c of -0.3% (P = 0.186).47 The other short duration 
26-week RCT comparing metformin plus exenatide (2 mg weekly) with metformin plus glargine 
insulin showed no significant between-group difference in HbA1c of -0.1% (95% CI, -0.28% to 
0.08%).194 (SOE: Low; Neither drug combination favored) 

Combination of Metformin Plus a GLP-1 Agonist Versus a Combination of 
Metformin Plus a Premixed Insulin 

One moderately-sized RCT lasting 104 weeks compared the combination of metformin plus 
exenatide (titrated to 20 micrograms) with the combination of metformin plus premixed insulin 
(titrated to glucose target, mean dose 28 units), showing no significant between-group difference 
in HbA1c of 0.14% (95% CI, -0.003% to 0.29%).196 (SOE: Insufficient; Unable to determine 
effect) 

Combination of Metformin Plus a Basal Insulin Versus a Combination of 
Metformin Plus a Premixed Insulin 

Three RCTs directly compared the combination of metformin plus basal insulin with the 
combination of metformin plus premixed insulin, showing no between-group differences in 
HbA1c (pooled between-group difference, 0.3%; 95% CI, -0.3% to 0.9%) (Figure 18).197-199 No 
single study strongly influenced the results, and no substantial heterogeneity was found. (SOE: 
Insufficient; Unable to determine effect) 
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Figure 18. Pooled mean between-group difference in hemoglobin A1c comparing a combination of 
metformin plus a basal insulin with a combination of metformin plus a premixed insulin 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); HbA1c = hemoglobin 
A1c; Met = metformin 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Strength of Evidence for Hemoglobin A1c 
The strength of evidence for the comparative effects of monotherapy and metformin-based 

combinations are presented in Table 6 and Table 7 and summarized in the key points. All studies 
were RCTs. Study limitations for most comparisons were low or medium with only one 
comparison having high study limitations due to lack of blinding and lack of description of 
withdrawals and dropouts. Where quality influences results, we describe that under the 
appropriate comparisons. In general, we did not find strong differences in outcomes in the lower 
versus higher quality studies. We did not find any evidence of publication bias using the Begg’s 
and Egger’s tests in any of the comparisons for HbA1c. We also did not find any evidence of 
publication bias or reporting bias in the grey literature review which would change the overall 
conclusions. The grey literature was consistent with our findings for each of the comparisons 
except for two comparisons (metformin versus DPP-4 inhibitors and metformin plus 
sulfonylurea versus metformin plus SGLT-2 inhibitors) where each had one study with 
conflicting results. These two studies under-dosed one of the study arms, making it more likely 
that conflicting results were from differing doses as opposed to publication bias. Only three 
studies did not report a measure of dispersion; therefore, we were able to combine most of the 
studies in meta-analyses where appropriate.  
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Table 6. Strength of evidence domains for monotherapy comparisons in terms of hemoglobin A1c among adults with type 2 diabetes 
Comparison* Number of 

Studies 
(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. TZD 25 (7281) Medium Consistent Direct Precise Undetected High Neither drug favored 
Metformin vs. SU* NA NA NA NA NA NA High Neither drug favored 
Metformin vs. DPP-4 
inhibitors 

6 (6700) Low Consistent Direct Precise Undetected High Metformin favored; 
small effect 

Metformin vs. SGLT-2 
inhibitors 

3 (1633) Low Inconsistent Direct Imprecise Undetected Low Neither drug favored 

Metformin vs. GLP-1 
agonists 

3 (1089) Low Inconsistent Direct Imprecise Undetected Low Neither drug favored 

Metformin vs. Metformin + 
TZD 

15 (6090)  Medium Consistent Direct Precise Undetected High Metformin +TZD 
favored; medium 
effect  

Metformin vs. Metformin + 
SU 

17 (5210) Low Consistent Direct Precise Undetected High Metformin + SU 
favored; large effect 

Metformin vs. Metformin + 
DPP-4 inhibitors 

32 (21692) Medium Consistent Direct Precise Undetected High Metformin + DPP-4 
inhibitor favored; 
medium effect 

Metformin vs. Metformin + 
SGLT-2 inhibitors 

9 (5778) Low Consistent Direct Precise Undetected High Metformin + SGLT-2 
inhibitor favored; 
medium effect 

Metformin vs. Metformin + 
GLP-1 agonists 

5 (2556) Medium Inconsistent Direct Precise Undetected Moderate Metformin + GLP-1 
agonist; medium effect 

TZD vs. SU 17 (6212) Medium  Consistent Direct Precise Undetected High (for 
short-term);  
Insufficient 
(long-term)  

Neither drug favored 
in short-term; 
1 longer term study 
favored TZD with a 
small effect 

TZD vs. DPP-4 inhibitors 3 (1686) Low Inconsistent Direct Imprecise Suspected† Insufficient† Unable to determine 
TZD vs. GLP-1 agonists 1 (820) Low Unable to 

determine 
Direct Imprecise Undetected Insufficient Unable to determine 

SU vs. DPP-4 inhibitors 3 (1271) Low Inconsistent Direct Imprecise Suspected‡ Insufficient‡ Unable to determine 
SU vs. GLP-1 agonists 4 (2056) Medium Inconsistent Direct Imprecise Undetected Insufficient§ Unable to determine 
DPP-4 inhibitors vs. 
SGLT-2 inhibitors 

1 (899) Low Unable to 
determine 

Direct Imprecise Undetected Insufficient Unable to determine 

DPP-4 inhibitors vs. GLP-
1 agonists 

1 (820) Low Unable to 
determine 

Direct  Imprecise Undetected Insufficient Unable to determine 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We did not re-evaluate hemoglobin A1c for the comparison of metformin with sulfonylureas because we previously rated this comparison as having high strength of evidence.16 
We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
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available evidence. 
† For thiazolidinediones versus DPP-4 inhibitors, we graded the strength of evidence as insufficient since there was only one comparably-dosed study which used maximum doses 
in each arm. We suspected reporting bias since one study was found in the grey literature which favored thiazolidinediones while two of the three published studies showed no 
significant difference between-groups in hemoglobin A1c but underdosed the thiazolidinedione arms compared to the DPP-4 inhibitor arms. 
‡For sulfonylureas versus DPP-4 inhibitors, we graded the strength as insufficient since two of the three studies minimally favored sulfonylureas while one study did not favor 
either medication. Two additional studies found in the grey literature minimally favored sulfonylurea. Probably sulfonylurea is mildly favored overall. We will be able to form a 
more formative opinion by the final report since these two studies will be included in the updated search we will do between the draft and final report.  
§ For sulfonylurea versus GLP-1 agonist, only two comparably-dosed studies were identified and each showed different results. The two non-comparably-dosed studies favored the 
GLP-1 agonist. 
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Table 7. Strength of evidence domains for metformin-based combination comparisons in terms of hemoglobin A1c among adults with 
type 2 diabetes 

Comparison Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + TZD vs. 
metformin +SU 

14 (3294) Medium Consistent Direct Precise Undetected Moderate Neither drug 
combination favored 

Metformin + TZD vs. 
metformin +DPP-4 
inhibitors 

5 (2413) Medium Consistent Direct Precise Undetected Moderate Metformin + TZD 
favored; small effect 

Metformin + TZD vs. 
metformin +GLP-1 
agonists 

2 (604) Low Inconsistent Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + SU vs. 
metformin +DPP-4 
inhibitors 

7 (5453) Medium Consistent Direct Precise Undetected Low Neither drug 
combination favored 

Metformin + SU vs. 
metformin +SGLT-2 
inhibitors 

3 (3815) Low Consistent Direct Precise Undetected Moderate Metformin + SGLT-2 
inhibitor favored; 
small effect 

Metformin + SU vs. 
metformin +GLP-1 
agonists 

7 (4375) Medium 1. Consistent 
for Met+SU 
vs 
Met+exenat
ide 

2. Inconsistent 
for Met+SU 
vs 
Met+other 
GLP-1 
agonist 

Direct  Precise Undetected Low for #1 
and 
insufficient 
for #2 

1. Metformin + 
exenatide favored; 
small effect 

2. Unable to 
determine  

Metformin + SU vs. 
metformin + basal insulin 

1 (75) High Unable to 
determine 

Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + SU vs. 
metformin + premixed 
insulin 

2 (827) Medium Inconsistent Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + DPP-4 
inhibitors vs. metformin 
+SGLT-2 inhibitors 

4 (2889) Medium Consistent Direct Precise Undetected Moderate Metformin + SGLT-2 
inhibitor favored; 
small effect 

Metformin + DPP-4 
inhibitors vs. metformin 
+GLP-1 agonists 

4 (3322) Medium Consistent Direct Precise Undetected Moderate Metformin + GLP-1 
agonist favored; 
moderate effect 

Metformin + DPP-4 
inhibitors vs. metformin + 
basal insulin 

1 (515) Medium Unable to 
determine 

Direct Precise Undetected Low Metformin + basal 
insulin favored; 
moderate effect 
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Metformin + GLP-1 
agonists vs. metformin + 
basal insulin 

2 (390) Medium Consistent Direct Imprecise Undetected Low Neither drug 
combination favored 

Metformin + GLP-1 
agonists vs. metformin + 
premixed insulin 

1 (363) High Unable to 
determine 

Direct Precise Undetected Insufficient Unable to determine 

Metformin + basal insulin 
vs. metformin + premixed 
insulin 

3 (530) Medium Consistent Direct Imprecise Undetected Insufficient Unable to determine 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
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The Evidence About Weight 

Monotherapy Comparisons 

Metformin Versus Thiazolidinediones 
In the prior report, we graded the evidence as high16 that metformin was significantly 

favored, with weight gain in the thiazolidinedione arms and weight loss in the metformin arms. 
Therefore, we did not re-evaluate this comparison for weight. (SOE: High; Metformin favored) 

Metformin Versus Sulfonylureas 
In the prior report, we graded the evidence as high16 that metformin was significantly 

favored, with weight gain in the sulfonylurea arms and mild weight loss in the metformin arms. 
Therefore, we did not re-evaluate this comparison for weight. (SOE: High; Metformin favored) 

Metformin Versus DPP-4 Inhibitors 
Six short RCTs, reported in nine articles, compared metformin with DPP-4 inhibitors, 

reporting greater reductions in weight with metformin (pooled between-group difference, -1.3 
kg; 95% CI, -1.6 kg to -1.0 kg) (Figure 19).66, 72-79 No substantial heterogeneity was found in the 
meta-analysis, and no single study markedly influenced the results. Two RCTs (in three articles) 
were reported as extension studies.73, 77, 79 The extension studies lasting 76 weeks and 104 weeks 
all favored metformin over the DPP-4 inhibitors (between-group differences of -0.7 kg to -2.9 
kg), consistent with the meta-analysis results from the shorter studies. Three RCTs had a lower 
dose and higher dose metformin arm.76-78 The higher dose metformin arms in two of the studies 
which compared metformin with alogliptin and sitagliptin both showed greater reductions in 
weight than the lower dose metformin arms.76, 77 The third RCT comparing a low dose and high 
dose metformin arm with linagliptin did not show this dose response.78 (SOE: High; Metformin 
favored) 
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Figure 19. Pooled mean between-group difference in weight comparing metformin with DPP-4 
inhibitors 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); kg = kilogram 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus SGLT-2 Inhibitors 
Two 24-week (reported in the same article) and one 90-week RCT compared metformin with 

an SGLT-2 inhibitor (dapagliflozin or empagliflozin), showing greater reductions in weight with 
the SGLT-2 inhibitors (range of between-group differences in weight of -1.3 kg to -1.4 kg).80, 82 
These between-group differences were statistically significant in two of the three RCTs.80 (SOE: 
Moderate; SGLT-2 inhibitors favored) 

Metformin Versus GLP-1 Agonists 
Three studies lasting a year or less compared metformin with a GLP-1 agonist, with 

conflicting effects on weight (Figure 20).66, 83, 84 We did not combine the studies in a meta-
analysis due to study duration and dosing differences. Each of the three studies, lasting 24 to 52 
weeks, compared metformin at 2000 to 2500 mg with a GLP-1 agonist at maximum doses 
(exenatide 20 micrograms daily in one study, exenatide 2 mg weekly in a second study, and 
dulaglutide 1.5 mg weekly in a third study). The first comparably-dosed 26-week RCT of 
metformin titrated to 2500 mg daily compared with a fixed dose of 2 mg of exenatide weekly 
reported a mean between-group difference in weight of 0 kg (95% CI, -0.6 kg to 0.6 kg).66 The 
second 26-week RCT compared metformin titrated to 2000 mg with exenatide 20 micrograms 
daily.84 This RCT reported a mean between-group difference of 2.0 kg, favoring the GLP-1 
agonist arm (95% CI, 1.2 kg to 2.8 kg).84 The last 52-week RCT compared metformin titrated to 
2000 mg with dulaglutide of 1.5 mg weekly, and reported a mean between-group difference in 
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weight favoring the metformin arm of -0.7 kg (95% CI, -1.4 kg to -0.03 kg).83 (SOE: 
Insufficient; Unable to determine) 

Figure 20. Mean between-group difference in weight comparing metformin with GLP-1 agonists 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); GLP-1 = glucagon-like 
peptide-1; kg = kilogram 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a Thiazolidinedione 
We combined six studies which directly compared metformin monotherapy with the 

combination of metformin plus a thiazolidinedione (mostly rosiglitazone), showing a pooled 
between-group difference in weight of -2.2 kg (95% CI, -2.6 kg to -1.9 kg) favoring metformin 
(Figure 21).52, 86, 87, 89, 92, 94 There was no significant heterogeneity between studies, and no single 
study markedly affected the results. All six studies showed that the metformin arms had weight 
loss while the combination arms had weight gain. Four studies were excluded from the meta-
analysis due to insufficient quantitative data to combine the studies60, 85, 95 or due to study 
duration differences.96 All four of these studies reported modest weight gain in the combination 
arms which was consistent with the studies included in the meta-analysis.60, 85, 95, 96 (SOE: High; 
Metformin favored) 
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Figure 21. Pooled mean between-group difference in weight comparing metformin with a 
combination of metformin plus a thiazolidinedione 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); kg = kilogram 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a Sulfonylurea 
Ten short RCTs compared metformin with the combination of metformin plus a second-

generation sulfonylurea favoring metformin monotherapy, with a pooled between-group 
difference of -2.2 kg (95% CI -3.4 kg to -1.0 kg) (Figure 22).97-99, 101-106, 108 No single study 
markedly influenced the results. While heterogeneity existed, all studies favored the metformin 
arm over the combination arm with minimal between-group differences among the studies. In 
metaregression, baseline weight was identified as a significant source of heterogeneity; dosing 
differences, double blinding, study duration, and appropriate randomization were not identified 
as significant. Baseline weight explained 55% of the between-study heterogeneity (adjusted r-
squared = 55%). We present the stratified meta-analyses in Table 8. One 104-week study was 
excluded from the meta-analysis due to its long duration.110 The mean between-group difference 
in weight favored the metformin monotherapy arm, non-significantly, by 2.2 kg.110 (SOE: High; 
Metformin favored) 
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Figure 22. Pooled mean between-group difference in weight comparing metformin with a 
combination of metformin plus a sulfonylurea 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); kg = kilogram 
Boxes indicate individual study point estimates. The width of the horizontal lines represents the 95 percent confidence intervals 
for each study. The line at the bottom of the graph indicates the 95 percent confidence interval for the profile likelihood pooled 
estimate. 

Table 8. Pooled mean between-group difference in weight comparing metformin with a 
combination of metformin plus a sulfonylurea stratified by baseline weight 

Variables N of studies WMD (95% CI) I2 Summary 
Baseline weight ≥ 90 kg* 5 -3.2 kg (-4.6 kg to -1.6 kg) 56% Favors metformin 
Baseline weight < 90 kg 5 -1.2 kg (-1.8 kg to -0.6 kg) 0% Favors metformin 
CI = confidence interval; kg = kilogram; WMD = weighted mean difference 
* Analysis was calculated using a profile likelihood estimate. 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
We combined twenty RCTs lasting a year or less comparing metformin with the combination 

of metformin plus a DPP-4 inhibitor, with a pooled between-group difference of -0.1 kg (95% 
CI, -0.3 kg to 0.01 kg) (Figure 23).46, 73, 75, 76, 78, 87, 108, 114-117, 119-124, 126-128 No substantial 
heterogeneity was found. In a standard sensitivity analysis, several studies removal significantly 
changed the pooled estimate to favor metformin monotherapy slightly. However, there were no 
clear qualitative differences to prompt removal of any of these studies. Six studies with similar 
results to the other studies were excluded from the short duration meta-analysis due to absence of 
data needed to quantitatively combine the studies.95, 112, 113, 118, 125, 130  

We also pooled three longer studies (two of which were extension studies) lasting 76 to 104 
weeks that compared metformin with a metformin plus a DPP-4 inhibitor. Consistent with the 
short studies, these trials showed no significant difference in weight (pooled between-group 
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difference in weight, 1.1 kg; 95% CI, -2.3 kg to 0.07 kg) (Figure 23).77, 79, 110 No single study 
markedly influenced the results, and no substantial heterogeneity was found. (SOE: High; 
Neither favored) 

Figure 23. Pooled mean between-group difference in weight comparing metformin with a 
combination of metformin plus a DPP-4 inhibitor, stratified by study duration 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); kg = kilogram 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Six RCTs (reported in five articles) lasting 26 weeks or less compared metformin alone with 

the combination of metformin plus an SGLT-2 inhibitor, with greater weight reductions in the 
combination arm (pooled between-group difference in weight, 2.1 kg; 95% CI, 1.5 kg to 2.6 kg) 
(Figure 24).80, 122, 127, 132, 133 No single study markedly influenced the results. There was 
substantial statistical heterogeneity among the studies, yet the individual between-group 
differences were similar among the studies. One additional short RCT was excluded since it only 
reported percent change in weight, but it also favored the combination of metformin plus an 
SGLT-2 inhibitor.125 Two 102-week RCTs were excluded from the meta-analysis due to study 
duration differences.134, 135 These longer RCTs also significantly favored the combination of 
metformin plus an SGLT-2 inhibitor, with the range in between-group differences in weight of 
2.4 kg to 3.1 kg. The between-group differences in weight were maintained in these longer 
studies when compared with the shorter studies. (SOE: High; Combination of metformin plus a 
SGLT-2 inhibitor favored) 

Figure 24. Pooled mean between-group difference in weight comparing metformin with a 
combination of metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); kg = kilogram; pl = 
profile likelihood estimate; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The width of the horizontal lines represents the 95 percent confidence intervals 
for each study. The line at the bottom of the graph indicates the 95 percent confidence interval for the profile likelihood pooled 
estimate. 

Metformin Versus a Combination of Metformin Plus a GLP-1 Agonist 
Four RCTs lasting 48 weeks or less compared metformin with the combination of metformin 

plus a GLP-1 agonist, with all four studies showing greater weight reduction in the combination 
metformin plus GLP-1 agonist arm (pooled between-group difference, 1.8 kg; 95% CI, 1.1 kg to 
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2.5 kg) (Figure 25).128, 136-138 No one study strongly influenced the pooled results, and no 
substantial heterogeneity was identified. The one short study which had two dosing arms of the 
combination showed a smaller between-group difference in weight when comparing the 
metformin monotherapy arm to the lower dose combination arm versus the higher dose 
combination arm.128 One 104-week RCT excluded from the meta-analysis showed a non-
significant greater weight reduction in the combination arm of 0.2 kg.110 (SOE: Moderate; 
Combination of metformin plus a GLP-1 agonist favored) 

Figure 25. Pooled mean between-group difference in weight comparing metformin with a 
combination of metformin plus a GLP-1 agonist 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); GLP-1 = glucagon-like 
peptide-1; kg = kilogram 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Thiazolidinediones Versus Sulfonylureas 
Seven studies lasting a year or less compared a thiazolidinedione to a second-generation 

sulfonylurea, showing higher weight gain in the thiazolidinedione arms, with a pooled between-
group difference of 1.2 kg (95% CI, 0.6 kg to 1.8 kg) (Figure 26).54, 67, 140, 141, 146, 149, 200 No single 
study markedly influenced the results, and no substantial heterogeneity was found. 

One study showed a dose response relationship between rosiglitazone and weight; patients 
treated with rosiglitazone (4 mg per day) gained 1.8 kg and those treated with 8 mg per day 
gained 3.0 kg over 52 weeks compared with the glibenclamide arm which gained 1.9 kg.140  

We excluded two RCTs from the meta-analysis due to their longer durations of 3 to 4 
years.45, 201 Both RCTs had results consistent with the meta-analysis. As mentioned previously, 
the ADOPT study evaluated the long-term glycemic control between metformin, rosiglitazone, 
and glyburide monotherapy as initial treatment for adults with type 2 diabetes, with weight as a 
secondary outcome.45 The between-group difference between rosiglitazone and glyburide was 
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consistent with the results of the meta-analysis of the shorter studies favoring sulfonylureas after 
approximately 5 years of followup (mean between-group difference, 2.5 kg; 95% CI, 2.0 kg to 
3.1 kg). Of note, individuals in the glyburide arm gained weight over the first year and then 
stabilized, while those in the rosiglitazone arm had continued weight gain throughout the study. 
The second large 3-year multicenter study comparing pioglitazone with glibenclamide showed a 
5.2 kg weight gain in the pioglitazone-treated group and a 0.9 kg weight gain in the 
glibenclamide-treated group.201 (SOE: Moderate; Sulfonylurea favored) 

Figure 26. Pooled mean between-group difference in weight comparing thiazolidinediones with 
sulfonylureas 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); kg = kilogram 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Thiazolidinediones Versus DPP-4 Inhibitors 
Two 26-week RCTs compared thiazolidinediones with DPP-4 inhibitors; both studies 

significantly favored DPP-4 inhibitors with a mean between-group difference of 2.3 kg and 2.5 
kg.66, 150 The thiazolidinedione arms increased weight by around 1.8 kg while the DPP-4 
inhibitor arms decreased weight by around 0.5 kg. (SOE: Moderate; DPP-4 inhibitors favored) 

Thiazolidinediones Versus GLP-1 Agonists 
One double-blind moderately-sized RCT compared pioglitazone titrated to 45 mg daily with 

exenatide 2 mg weekly.66 After 26 weeks, the calculated between-group difference in weight 
favored exenatide by 3.5 kg (95% CI, 2.8 kg to 4.2 kg).66 The pioglitazone arm increased weight 
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by 1.5 kg and the exenatide arm decreased weight by 2 kg. (SOE: Moderate; GLP-1 agonists 
favored) 

Sulfonylureas Versus DPP-4 Inhibitors 
Three RCTs lasting 54 weeks or less compared a sulfonylurea (glipizide or glimepiride) with 

a DPP-4 inhibitor (sitagliptin or linagliptin) and favored the DPP-4 inhibitor arms (range in mean 
between-group differences of 0.9 kg to 1.8 kg).151-153 This difference was significant in two of 
the three studies; one study did not provide sufficient data to assess.153 We did not combine these 
studies due to dosing and study population differences. Sulfonylureas increased weight by about 
1.2 kg and the DPP-4 inhibitors decreased weight by around 0.4 kg in these studies. (SOE: Low; 
DPP-4 inhibitors favored) 

Sulfonylureas Versus GLP-1 Agonists 
Four RCTs comparing sulfonylureas directly with liraglutide showed greater weight gain 

with a sulfonylurea (pooled mean between-group difference, 2.3 kg; 95% CI, 1.2 kg to 3.3 kg) 
(Figure 27).154-157 No single study strongly influenced the results. Substantial heterogeneity was 
found. Potential sources of heterogeneity were dosing differences, study duration differences, 
and differences in baseline weight. The one study with the largest between-group difference in 
weight157 lasted at least 24 weeks longer than the other two studies, used medications titrated to 
the maximum dose in both arms, and started with a higher baseline BMI. (SOE: Moderate; GLP-
1 agonists favored) 

Figure 27. Pooled mean between-group difference in weight comparing sulfonylureas with GLP-1 
agonists 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); GLP-1 = glucagon-like 
peptide-1; kg = kilogram; pl = profile likelihood estimate 
Boxes indicate individual study point estimates. The width of the horizontal lines represents the 95 percent confidence intervals 
for each study. The line at the bottom of the graph indicates the 95 percent confidence interval for the profile likelihood pooled 
estimate. 
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DPP-4 Inhibitors Versus SGLT-2 Inhibitors 
One double-blind, moderately-sized 24-week RCT compared the DPP-4 inhibitor, sitagliptin 

at 100 mg daily, with the SGLT-2 inhibitor, empagliflozin at 10 mg and 25 mg daily. The results 
significantly favored the empagliflozin arms (calculated mean between-group difference of 2.5 
kg and 2.7 kg for the low dose and high dose empagliflozin arms respectively).159 The sitagliptin 
arm maintained weight while the empagliflozin arms decreased weight over the 24 weeks. (SOE: 
Moderate; SGLT-2 inhibitors favored) 

DPP-4 Inhibitors Versus GLP-1 Agonists 
One RCT compared a DPP-4 inhibitor with a GLP-1 agonist and reported a significant 

between-group difference in weight favoring the GLP-1 agonist.66 This double-blind RCT 
compared sitagliptin at 100 mg daily with exenatide 2 mg weekly for 26 weeks, with greater 
weight reduction in the exenatide arm (calculated mean between-group difference in weight, 1.2 
kg; 95% CI, 0.5 kg to 1.9 kg).66 (SOE: Low; GLP-1 agonists favored) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

We combined six comparably-dosed studies lasting less than a year that directly compared 
metformin plus a thiazolidinedione with metformin plus a sulfonylurea.160-163, 166, 202 The pooled 
mean between-group difference favored the combination of metformin plus sulfonylurea by 0.9 
kg (95% CI, 0.4 kg to 1.3 kg) (Figure 28). No one study markedly influenced the results, and no 
substantial heterogeneity was found.  

In the meta-analysis, we included the short-term results from the large RECORD study.161 
The RECORD study was a multicenter, open-label RCT evaluating 4447 patients with type 2 
diabetes and uncontrolled glycemia already on metformin or sulfonylurea monotherapy.44, 161 
Body weight increased significantly with rosiglitazone plus metformin compared with 
sulfonylurea plus metformin, with a mean between-group difference of 1.2 kg (95% CI, 0.4 kg to 
2.0 kg) after 18 months.161 The mean between-group difference increased to 3.8 kg after 5 years 
of followup.44  

We excluded three short RCTs from the meta-analysis since the dosing was not comparable 
with the other studies.165, 169, 170 One165 used a lower dose of metformin in the metformin plus 
sulfonylurea arm compared with a higher dose of metformin in the metformin plus 
thiazolidinedione arm. The two other short RCTs used low doses of a sulfonylurea in the 
metformin plus sulfonylurea arm.169, 170 As a sensitivity analysis, we included these three RCTs 
in the meta-analysis and noted no meaningful change in results (pooled mean between-group 
difference in weight`, 0.8 kg.165, 169, 170 (SOE: Moderate; Combination of metformin plus a 
sulfonylurea favored) 
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Figure 28. Pooled mean between-group difference in weight comparing a combination of 
metformin plus a thiazolidinedione with a combination of metformin plus a sulfonylurea 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); Met = metformin; kg = 
kilogram; SU = sulfonylurea; TZD = thiazolidinedione 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Four short duration RCTs compared metformin plus a thiazolidinedione with the 
combination of metformin plus a DPP-4 inhibitor, favoring the combination of metformin plus a 
DPP-4 inhibitor (pooled mean between-group difference, 2.7 kg; 95% CI, 0.8 kg to 4.5 kg) 
(Figure 29).87, 171-173 The patients in the metformin plus DPP-4 inhibitor arms had a mean weight 
loss while the patients in the metformin plus thiazolidinedione arms had a mean weight gain. No 
single study markedly influenced the results. Substantial heterogeneity was identified; however, 
all four studies favored the metformin plus DPP-4 inhibitor arms by 1.4 to 3.6 kg. We were 
unable to quantitatively explore heterogeneity due to the small numbers of studies, but there 
were differences in baseline weight and drug types.  

One additional short duration RCT comparing metformin plus pioglitazone with metformin 
plus alogliptin was excluded from the meta-analysis since it did not have sufficient quantitative 
data.95 The study reported a decrease weight of 0.7 kg in the metformin plus alogliptin arms but 
only stated qualitatively that there was an increase in weight in the metformin plus pioglitazone 
arm, consistent with the direction of weight change in the other four studies.95 (SOE: Moderate; 
Combination of metformin plus a DPP-4 inhibitor favored) 
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Figure 29. Pooled mean between-group difference in weight comparing a combination of 
metformin plus a thiazolidinedione with a combination of metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); Met = metformin; kg = kilogram; pl = profile likelihood estimate; TZD = thiazolidinedione 
Boxes indicate individual study point estimates. The width of the horizontal lines represents the 95 percent confidence intervals 
for each study. The line at the bottom of the graph indicates the 95 percent confidence interval for the profile likelihood pooled 
estimate. 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Two short, comparably-dosed RCTs compared metformin plus thiazolidinediones 
(pioglitazone and rosiglitazone) with metformin plus a GLP-1 agonist (exenatide).173, 174 Both 
studies significantly favored the combination of metformin plus a GLP-1 agonist (range in mean 
between-group differences in weight, 2.7 kg to 5.1 kg). Both studies had weight gain in the 
metformin plus thiazolidinedione arms and weight loss in the metformin plus GLP-1 agonist 
arms. (SOE: Moderate; Combination of metformin plus a GLP-1 agonist favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Seven RCTS (reported in eight articles) compared the combination of metformin plus a 
sulfonylurea with the combination of metformin plus a DPP-4 inhibitor.108, 110, 175-180 Both the 
shorter (under a 1 year) and longer (2-year) studies favored the metformin plus DPP-4 inhibitor 
arms (Figure 30). The metformin plus sulfonylurea arms all had weight gain while the metformin 
plus DPP-4 inhibitor arms all had weight loss. The four RCTs lasting 1 year or less had a pooled 
between-group difference in weight of 2.2 kg (95% CI, 1.8 kg to 2.5 kg)108, 175-177 and the four 
RCTs lasting 2 years had a pooled between-group difference of 2.6 kg (95% CI, 2.3 kg to 3.0 
kg).110, 178-180 No single study markedly influenced the results, and no substantial heterogeneity 
was identified in either meta-analysis. (SOE: High; Combination of metformin plus a DPP-4 
inhibitor favored) 
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Figure 30. Pooled mean between-group difference in weight comparing a combination of 
metformin plus a sulfonylurea with a combination of metformin plus a DPP-4 inhibitor, stratified 
by study duration 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); kg = kilogram; Met = metformin; SU = sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Three RCTs lasting 52 to 104 weeks compared the combination of metformin plus a 
sulfonylurea (glimepiride or glipizide) with the combination of metformin plus an SGLT-2 
inhibitor (canagliflozin, dapagliflozin, or empagliflozin).181-183 The combination of metformin 
plus an SGLT-2 inhibitor was strongly favored (pooled mean between-group difference in 
weight, 4.7 kg; 95% CI, 4.4 kg to 5.0 kg) (Figure 31). No single study markedly influenced the 
results, and no substantial heterogeneity was found. One of the RCTs which had a lower and 
higher dose metformin plus canagliflozin arm demonstrated a small dose-response effect in 
weight reduction, with a smaller mean between-group difference in weight in the lower dose arm 
of 4.4 kg versus 4.7 kg in the higher dose arm.181 (SOE: High; Combination of metformin plus a 
SGLT-2 inhibitor favored) 
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Figure 31. Pooled mean between-group difference in weight comparing a combination of 
metformin plus a sulfonylurea with a combination of metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); kg = kilogram; Met = 
metformin; SGLT-2 = sodium-glucose co-transporter-2; SU = sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Four RCTs (three lasting less than 1 year and one lasting 2 years) compared metformin plus 
sulfonylurea with metformin plus a GLP-1 agonist.110, 186-188 These favored the combination of 
metformin and GLP-1 agonist (range in mean between-group differences, 2.4 kg to 12.3 kg). All 
four RCTs showed weight loss with the combination of metformin and GLP-1 agonists and 
weight gain with the combination of metformin and sulfonylureas. We did not combine these 
studies in a meta-analysis due to differences in drug dosing, drug type, and study duration.  

One RCT compared metformin plus a sulfonylurea with three different dosing arms of 
metformin plus liraglutide. The arms with lower doses of liraglutide had smaller between-group 
differences in weight relative to the higher dose arm.187 (SOE: Moderate; Combination of 
metformin plus a GLP-1 agonist favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a Basal Insulin 

One small, open-label RCT lasting 48 weeks compared the combination of metformin plus a 
sulfonylurea with the combination of metformin plus a basal insulin, favoring metformin plus 
sulfonylurea although not significantly (mean between-group difference in weight, -1.7 kg; 95% 
CI, -3.1 kg to -0.3 kg).189 Patients were kept on their prior metformin doses and were randomized 
to uptitration of glimepiride (mean daily dose of 4 mg) versus uptitration of insulin glargine 
(mean daily dose of 23 units) until a fasting plasma glucose target was reached. Individuals in 
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the metformin plus sulfonylurea arm had no change in weight while those in the metformin plus 
insulin glargine arm gained weight. (SOE: Low; Combination of metformin plus a sulfonylurea 
favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a Premixed Insulin 

Two short RCTs compared metformin plus glibenclamide with the combination of metformin 
plus a premixed insulin analogue: insulin aspart 70/30 in one study and insulin lispro 75/25 in the 
other study.190, 191 Both studies favored the metformin plus sulfonylurea arms (range in between-
group differences, -0.7 kg to -0.5 kg). One of the two studies showed a statistically significant 
difference. There was not a mean decrease in weight in any of the study arms.  

Of note, if we combine the three studies comparing metformin plus sulfonylurea with 
metformin plus a premixed or basal insulin (adding in the study described in the prior 
comparison), metformin plus sulfonylurea is favored with a weighted mean between-group 
difference in weight of -0.67 kg (95% CI, -0.83 kg to -0.51 kg). No single study influenced the 
results and no substantial heterogeneity was identified. Since premixed and basal insulins may 
have similar effects on weight, it may be reasonable to combine these categories. (SOE: Low; 
Combination of metformin plus a sulfonylurea favored) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Four RCTs compared metformin plus a DPP-4 inhibitor with the combination of metformin 
plus an SGLT-2 inhibitor.82, 122, 125, 127 All four studies significantly favored the combination of 
metformin plus an SGLT-2 inhibitor. We did not combine these studies due to differences in 
study duration and reporting of the outcome. The first 12-week RCT reported a mean percent 
change in weight of -0.6% in the metformin plus DPP-4 arm versus -3.4% in the metformin plus 
SGLT-2 inhibitor arm.125 The second 12-week RCT reported a mean between-group difference 
in weight of 1.8 kg (95% CI, 1.9 kg to 2.7 kg).122 The two longer RCTs, lasting 52 to 90 weeks, 
reported mean between-group differences of 2.9 kg and 3.6 kg, favoring the metformin plus 
SGLT-2 inhibitor arms.82, 127 Two of the three studies with a lower dose and higher dose 
combination of metformin plus SGLT-2 inhibitor arm demonstrated a dose-response effect in 
weight reduction, with smaller between-group differences in the lower dose arms and larger 
between-group differences in the higher dose arms.82, 127 (SOE: Moderate; Combination of 
metformin plus a SGLT-2 inhibitor favored) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

We combined three short RCTs comparing the combination of metformin plus a DPP-4 
inhibitor with the combination of metformin plus a GLP-1 agonist.128, 173, 192 All three studies 
significantly favored the combination of metformin plus a GLP-1 agonist (pooled mean between-
group difference, 1.8 kg, 95% CI, 1.1 kg to 2.5 kg) (Figure 32). Individuals in both arms lost 
weight but the metformin plus GLP-1 agonist decreased weight more than the metformin plus 
DPP-4 treatment. No single study markedly influenced the results. Moderate heterogeneity was 
identified although studies and point estimates were relatively similar.  

The two studies with both low dose and high dose arms of the GLP-1 agonist showed smaller 
between-group differences in weight for the lower dose arms (between-group differences for 
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lower dose arms of 1.9 kg and 1.1 kg compared with the higher dose arm of 2.5 kg and 1.5 
kg).128, 192  

One 104-week RCT reported a non-significant between-group difference in weight of 0.4 kg 
(95% CI, -4.7 kg to 5.4 kg).110 (SOE: Moderate; Combination of metformin plus a GLP-1 agonist 
favored) 

Figure 32. Pooled mean between-group difference in weight comparing a combination of 
metformin plus a DPP-4 inhibitor with a combination of metformin plus a GLP-1 agonist 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); GLP-1 = glucagon-like peptide-1; kg = kilogram; Met = metformin; pl = profile likelihood estimate 
Boxes indicate individual study point estimates. The width of the horizontal lines represents the 95 percent confidence intervals 
for each study. The line at the bottom of the graph indicates the 95 percent confidence interval for the profile likelihood pooled 
estimate. 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a Basal Insulin 

One 24-week RCT compared metformin plus sitagliptin 100 mg daily with metformin plus 
insulin glargine titrated to 0.5 units per kg. The RCT significantly favored the metformin plus 
DPP-4 arm with a mean between-group difference in weight of -1.5 kg (95% CI, -2.1 kg to -0.9 
kg).193 The metformin plus DPP-4 arm decreased weight while the metformin plus insulin 
glargine arm increased weight. (SOE: Low; Combination of metformin plus a DPP-4 inhibitor 
favored) 

Combination of Metformin Plus a GLP1-1 Agonist Versus a Combination of 
Metformin Plus a Basal Insulin 

Two RCTs (reported in three articles) compared metformin plus a GLP-1 agonist with 
metformin plus a basal insulin, with both significantly favoring the combination of metformin 
plus GLP-1 agonists (mean between-group differences in weight of -4.6 kg and -7.8 kg).47, 194, 195 
Both studies showed decreased weight in the metformin plus GLP-1 agonist arms and weight 
gain in the metformin plus basal insulin arms. The 56-week RCT compared the combination of 
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metformin and exenatide with the combination of metformin and insulin glargine, showing 
statistically significant weight loss with the metformin plus exenatide treated group compared 
with the metformin plus insulin glargine treated group (between group difference of -4.6 kg, P < 
0.0001).195 Of note, the exenatide combination arm had about 25% of their subjects on higher 
than the FDA-approved highest recommended dose of exenatide. Weight returned to baseline 12 
weeks after discontinuation of treatment in both arms. This study was also extended to 3 years 
and reported a higher between-group difference in weight over time (-7.8 kg).47 The other short 
26-week RCT was more comparably-dosed, with metformin plus exenatide (2 mg weekly) 
compared with metformin plus glargine insulin (titrated based on blood sugars). This RCT 
showed a mean between-group difference of -4.7 kg.194 (SOE: Low; Combination of metformin 
plus a GLP-1 agonist favored) 

Combination of Metformin Plus a GLP1-1 Agonist Versus a Combination of 
Metformin Plus a Premixed Insulin 

One moderately-sized RCT lasting 104 weeks compared the combination of metformin plus 
exenatide (titrated to 20 micrograms) with the combination of metformin plus premixed insulin 
(titrated to glucose target, mean dose 28 units).196 The RCT significantly favored metformin plus 
exenatide (mean between-group difference in weight, -5.1 kg; 95% CI, -5.7 kg to -4.5 kg). The 
metformin plus GLP-1 agonist arm decreased weight while the metformin plus premixed insulin 
arm increased weight. (SOE: Low; Combination of metformin plus a GLP-1 agonist favored) 

Combination of Metformin Plus a Basal Insulin Versus a Combination of 
Metformin Plus a Premixed Insulin 

Three RCTs directly compared the combination of metformin plus basal insulin with the 
combination of metformin plus premixed insulin, showing no between-group differences in 
weight (pooled mean between-group difference, -1.8 kg; 95% CI, -7.8 kg to 4.2 kg) (Figure 
33).197-199 No single study strongly influenced the results, and no substantial heterogeneity was 
found. (SOE: Low; Neither treatment favored) 
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Figure 33. Pooled mean between-group difference in weight comparing a combination of 
metformin plus a basal insulin with a combination of metformin plus a premixed insulin 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); kg = kilogram; Met = 
metformin 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Strength of Evidence for Weight 
The strength of evidence for the comparative effects of monotherapy and metformin-based 

combinations are presented in Table 9 and Table 10 and summarized in the key points. All 
studies were RCTs. Study limitations for most comparisons were low or medium with only one 
comparison having high study limitations due to lack of blinding and lack of description of 
withdrawals and dropouts. Where quality influences results, we describe that under the 
appropriate comparisons. In general, we did not find strong differences in outcomes in the lower 
versus higher quality studies. We did not find any evidence of publication bias in any of the 
comparisons for weight. We also did not find any evidence of publication bias or reporting bias 
in the grey literature review. Ten studies did not report a measure of dispersion; however, 
addition of these studies would not have importantly changed our conclusions or the strength of 
evidence assessment. We considered weight a direct outcome since patients care about weight 
independent of its cardiovascular effects. Several of the comparisons were downgraded due to 
imprecision. The comparisons were considered imprecise mainly due to the small and not 
clinically relevant between-group differences in weight of 2 pounds or less. 
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Table 9. Strength of evidence domains for monotherapy comparisons in terms of weight among adults with type 2 diabetes 
Comparison* Number of 

Studies 
(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. TZD* NA NA NA NA NA NA High Metformin favored 
Metformin vs. SU* NA NA NA NA NA NA High Metformin favored 
Metformin vs. DPP-4 
inhibitors 

6 (6700) Medium Consistent Direct Precise Undetected High Metformin favored; 
small effect 

Metformin vs. SGLT-2 
inhibitors 

3 (1903) Medium Consistent Direct Imprecise Undetected Moderate SGLT-2 inhibitors 
favored; small effect 

Metformin vs. GLP-1 
agonists 

3 (1089) Low Inconsistent Direct Imprecise Undetected Insufficient Unable to determine 

Metformin vs. metformin + 
TZD 

10 (5102) Medium Consistent Direct Precise Undetected High Metformin favored; 
small effect 

Metformin vs. metformin + 
SU 

11 (3692) Medium Consistent Direct Precise Undetected High Metformin favored; 
small effect 

Metformin vs. metformin + 
DPP-4 inhibitors 

27 (21,406) Medium Consistent Direct Precise Undetected High Neither treatment 
favored 

Metformin vs. metformin + 
SGLT-2 inhibitors 

9 (5778) Low Consistent Direct  Precise Undetected High Metformin + SGLT-2 
inhibitors favored; 
small effect 

Metformin vs. metformin + 
GLP-1 agonists 

5 (2556) Medium Consistent Direct Precise Undetected Moderate Metformin + GLP-1 
agonists favored; 
small effect 

TZD vs. SU 9 (6766) Medium Inconsistent Direct Precise Undetected Moderate SU favored; small 
effect 

TZD vs. DPP-4 inhibitors 2 (1475) Low Consistent Direct Precise Undetected Moderate DPP-4 inhibitors 
favored; small effect 

TZD vs. GLP-1 agonists 1 (820) Low Unknown Direct Precise Undetected Moderate GLP-1 agonists 
favored; small to 
moderate effect 

SU vs. DPP-4 inhibitors 3 (1271) Low Consistent Direct Imprecise Undetected Low DPP-4 inhibitors 
favored; small effect 

SU vs. GLP-1 agonists 4 (1157) Medium Consistent Direct Precise Undetected Moderate GLP-1 agonists 
favored; small effect 

DPP-4 inhibitors vs. 
SGLT-2 inhibitors 

1 (899) Low Unknown Direct Precise Undetected Moderate SGLT-2 inhibitors 
favored; small effect 

DPP-4 inhibitors vs. GLP-
1 agonists 

1 (820) Low Unknown Direct Imprecise Undetected Low GLP-1 agonists 
favored; small effect 

DPP-4 = dipeptidyl-peptidase 4; GLP-1 = glucagon-like peptide-1; SGLT-2 = sodium-glucose co-transporter 2; SU = sulfonylurea; TZD = thiazolidinedione 
* We did not re-evaluate weight for the comparisons of metformin with thiazolidinediones and metformin with sulfonylureas because we previously rated these comparisons as 
having high strength of evidence.16 We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have 
insufficient evidence due to a lack of available evidence.  
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Table 10. Strength of evidence domains for metformin-based combination comparisons in terms of weight among adults with type 2 
diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + TZD vs. 
metformin +SU 

9 (2928) Medium Consistent Direct Precise Undetected Moderate Metformin + SU favored; 
small effect 

Metformin + TZD vs. 
metformin +DPP-4 
inhibitors 

5 (2413) Medium Consistent Direct Imprecise Undetected Moderate Metformin + DPP-4 
inhibitors favored; small 
effect 

Metformin + TZD vs. 
metformin +GLP-1 
agonists 

2 (604) Low Consistent Direct Precise Undetected Moderate Metformin + GLP-1 
agonists favored; small 
to moderate effect 

Metformin + SU vs. 
metformin +DPP-4 
inhibitors 

7 (6039) Low Consistent Direct Precise Undetected High Metformin + DPP-4 
inhibitors favored, small 
effect 

Metformin + SU vs. 
metformin +SGLT-2 
inhibitors 

3 (3815) Low Consistent Direct Precise Undetected High Metformin + SGLT-2 
inhibitors favored, 
moderate effect 

Metformin + SU vs. 
metformin +GLP-1 
agonists 

4 (3304) Medium Consistent Direct Imprecise Undetected Moderate Metformin + GLP-1 
agonists favored, small 
to moderate effect 

Metformin + SU vs. 
metformin + basal insulin 

1 (75) Medium Unknown Direct Precise Undetected Low** Metformin + SU favored; 
small effect 

Metformin + SU vs. 
metformin + premixed 
insulin 

2 (819) Medium Consistent Direct Imprecise Undetected Low** Metformin + SU favored; 
small effect 

Metformin + DPP-4 
inhibitors vs. metformin + 
SGLT-2 inhibitors 

4 (2889) Medium Consistent Direct Precise Undetected Moderate Metformin + SGLT-2 
inhibitors favored, small 
to moderate effect 

Metformin + DPP-4 
inhibitors vs. metformin + 
GLP-1 agonists 

4 (3322) Medium Consistent Direct Precise Undetected Moderate Metformin + GLP-1 
agonists favored; small 
effect 

Metformin + DPP-4 
inhibitors vs. metformin + 
basal insulin 

1 (515) Medium Unknown Direct Precise Undetected Low Metformin + DPP-4 
inhibitors favored, small 
effect 

Metformin + GLP-1 
agonists vs. metformin + 
basal insulin 

2 (459) Medium Consistent Direct Precise Undetected Low Metformin + GLP-1 
agonists favored; 
moderate effect 

Metformin + GLP-1 
agonists vs. metformin + 
premixed insulin 

1 (363) High Unknown Direct Precise Undetected Low Metformin + GLP-1 
agonists favored, 
moderate effect 

Metformin + basal insulin 
vs. metformin + premixed 

3 (530) Medium Consistent Direct Imprecise Undetected Low Neither treatment 
favored 
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insulin 
DPP-4 = dipeptidyl-peptidase 4; GLP-1 = glucagon-like peptide-1; SGLT-2 = sodium-glucose co-transporter 2; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
** While each of these comparisons are rated low strength of evidence due to low numbers of studies, this would move to moderate if all three studies were combined in a row of 
metformin plus sulfonylurea vs metformin plus premixed or basal insulin since all 3 studies were consistent, direct, precise, study limitations were medium, and reporting bias was 
undetected. Since premixed and basal insulins may have similar effects on weight, it may be reasonable to combine these categories. 
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The Evidence About Systolic Blood Pressure 

Monotherapy Comparisons 

Metformin Versus SGLT-2 Inhibitors 
We combined three short RCTs (reported in two articles) directly comparing metformin with 

a SGLT-2 inhibitor, favoring SGLT-2 inhibitors in systolic blood pressure reduction.80, 81 Each 
study compared metformin with dapagliflozin,80, 81 resulting in a pooled mean between-group 
difference in systolic blood pressure of 2.8 mmHg (95% CI, 2.6 mmHg to 3.0 mmHg) favoring 
SGLT-2 inhibitors over metformin (Figure 34). The metformin arms decreased mean systolic 
blood pressure by 0.4 mmHg to 1.8 mmHg while the SGLT-2 inhibitors arms decreased mean 
systolic blood pressure by 4.0 mmHg to 6.4 mmHg. No single study markedly influenced the 
results, and there was no substantial heterogeneity.  

We excluded one study from the meta-analysis given its length.82 This trial was a 
randomized, open-label, 78-week extension of two shorter trials of empagliflozin. There was a 
non-significant between-group difference in systolic blood pressure of 3.7 mmHg (95% CI, -1.3 
mmHg to 8.7 mmHg).82 The metformin arm increased the mean systolic blood pressure by 2 
mmHg while empagliflozin 10 mg increased mean systolic blood pressure by 0.1 mmHg and 
empagliflozin 25 mg decreased mean systolic blood pressure by 1.7 mmHg. (SOE: Moderate; 
SGLT-2 inhibitors favored) 
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Figure 34. Pooled mean between-group difference in systolic blood pressure comparing 
metformin with SGLT-2 inhibitors 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); mmHg = millimeters 
mercury; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus GLP-1 Agonists 
Two RCTs compared metformin with a GLP-1 agonist with inconclusive results.66, 83 The 

first study was a 52-week RCT which compared two doses of dulaglutide with metformin; there 
was 20% loss to follow up in all arms. The RCT reported a non-significant between-group 
difference in systolic blood pressure of 1.7 mmHg (95% CI, -0.7 mmHg to 4.1 mmHg) with 
dulaglutide 0.75 mg weekly and 0.9 mmHg (95% CI, -1.5 mmHg to 3.3 mmHg) with dulaglutide 
1.5 mg weekly. The metformin arm increased mean systolic blood pressure by 1.0 mmHg while 
the dulaglutide arms increased mean systolic blood pressure by 0.1 mmHg to 2.7 mmHg.83 The 
second study was a 26-week RCT which showed a systolic blood pressure reduction of 1.3 
mmHg with exenatide, but did not provide systolic blood pressure results for the metformin 
arm.66 (SOE: Low; Neither drug favored) 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Six RCTs (reported in five articles) lasting less than a year compared metformin to a 

combination of metformin and a SGLT-2 inhibitor. All studies favored the combination arm 
(pooled mean between-group difference in systolic blood pressure, 4.9 mmHg; 95% CI, 3.4 
mmHg to 6.3 mmHg) (Figure 35).122, 125, 127, 132, 133 The metformin arms did not have consistent 
effects on the change in mean systolic blood pressure, which ranged from -2.2 mmHg to 3.3 
mmHg. However, the SGLT-2 inhibitor combination arms consistently decreased mean systolic 
blood pressure by 2.4 mmHg to 8.5 mmHg. No single study markedly influenced the results, and 
there was no substantial heterogeneity. 
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Two 102-week studies compared metformin with a combination of metformin and a SGLT-2 
inhibitor, and favored neither arm.134, 135 One was a 102-week RCT which compared metformin 
(at least 1500 mg daily) with a metformin plus two different doses of dapagliflozin. This RCT 
showed a non-significant between-group difference in systolic blood pressure of 2.6 mmHg 
(95% CI, -1.6 mmHg to 6.8 mmHg) for the combination with 5mg of dapagliflozin and 1.8 
mmHg (95% CI, -2.6 mmHg to 6.2 mmHg) for the combination with 10mg of dapagliflozin.135 
The metformin arm increased mean systolic blood pressure by 1.5 mmHg while the dapagliflozin 
arms decreased mean systolic blood pressure by 0.3 mmHg to 1.1 mmHg. There was a high loss 
to followup in this study (47% in the metformin arm and 30% to 40% in the combination arms). 
The other study was a 102-week RCT with over 20% loss to follow up in both arms. This RCT 
compared metformin at the dosage prior to enrollment with metformin plus dapagliflozin 10 mg 
daily, and showed a non-significant between-group difference in systolic blood pressure of 2.4 
mmHg (95% CI, -1.5 mmHg to 6.3 mmHg).134 The metformin arm increased mean systolic 
blood pressure by 1.1 mmHg while the metformin plus SGLT-2 inhibitor arm decreased mean 
systolic blood pressure by 1.3 mmHg.  

One 24-week RCT was excluded from the meta-analysis due to differences in medication 
dosing for the SGLT-2 inhibitor arm. In this study, metformin was compared with metformin 
plus 5mg of dapagliflozin showing a between-group difference in systolic blood pressure of 1.1 
mmHg (95% CI, -1.4 mmHg to 3.6 mmHg) with both arms decreasing mean systolic blood 
pressure.80 (SOE: High; Combination of metformin plus a SGLT-2 inhibitor favored) 

Figure 35. Pooled mean between-group difference in systolic blood pressure comparing 
metformin with a combination of metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); mmHg = millimeters 
mercury; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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Metformin Versus a Combination of Metformin Plus a GLP-1 Agonist 
Three short RCTs lasting less than a year compared metformin with a combination of 

metformin plus a GLP-1 agonist. The pooled analysis showed a between-group difference in 
systolic blood pressure of 3.1 mmHg (95% CI, 1.4 mmHg to 4.9 mmHg), favoring the 
combination arm over the monotherapy arm (Figure 36).128, 136, 137 These studies used different 
combinations of metformin plus a GLP-1 agonist (liraglutide, dulaglutide, and exenatide). The 
metformin arms did not show consistent effects with the mean change in systolic blood pressure 
ranging from -3.0 mmHg to 1.1 mmHg; the GLP-1 agonist arms consistently decreased mean 
systolic blood pressure by 1.7 mmHg to 6.8 mmHg. No single study markedly influenced the 
results, and there was no substantial heterogeneity.  

We excluded the 104-week RCT from the meta-analysis due to its long duration.110 
Consistent with the meta-analysis results, this study reported a significant between-group 
difference in systolic blood pressure of 3.2 mmHg (95% CI, 0.03 mmHg to 6.4 mmHg) favoring 
the combination arm.110 The metformin arm increased mean systolic blood pressure by 2.2 
mmHg while the metformin plus liraglutide arm decreased mean systolic blood pressure by 1 
mmHg. There were high losses to follow up, 30% to 40%, among both arms in this study. (SOE: 
Moderate; Combination of metformin plus a GLP-1 agonist favored) 

Figure 36. Pooled mean between-group difference in systolic blood pressure comparing 
metformin with a combination of metformin plus a GLP-1 agonist 

 
CI = confidence interval; GLP-1 = glucagon-like peptide-1; ES = effect size (mean between-group difference in the change from 
baseline); mmHg = millimeters mercury 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Thiazolidinediones Versus GLP-1 Agonists 
One RCT compared pioglitazone to exenatide over 26 weeks, reporting a non-significant 

between-group difference in systolic blood pressure of 0.4 mmHg (95% CI, -2.1 mmHg to 2.9 
mmHg).66 (SOE: Low; Neither drug favored) 
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Sulfonylureas Versus GLP-1 Agonists 
One 104-week RCT compared glimepiride with liraglutide, and showed a non-significant 

between-group difference in systolic blood pressure of 0.9 mmHg (95% CI, -1.5 mmHg to 3.2 
mmHg) with 1.2 mg of liraglutide and 1.9 mmHg (95% CI, -0.5 mmHg to 4.2 mmHg) with 1.8 
mg of liraglutide.158 Participants in all arms had a mean decrease in systolic blood pressure. 
There was high loss to follow up, 50% to 60%, among all arms. (SOE: Low; Neither drug 
favored) 

DPP-4 Inhibitors Versus SGLT-2 Inhibitors 
One double-blind, 24-week RCT compared sitagliptin 100 mg daily to empagliflozin 10 mg 

and 25 mg daily. This RCT reported significant between-group differences in systolic blood 
pressure of 3.4 mmHg (95% CI, 1.2 mmHg to 5.7 mmHg) with 10mg of empagliflozin and 4.2 
mmHg (95% CI, 2.0 mmHg to 6.5 mmHg) with 25mg of empagliflozin, favoring the SGLT-2 
inhibitor over the DPP-4 inhibitor.159 The DPP-4 inhibitor increased mean systolic blood 
pressure by 0.5 mmHg while the empagliflozin decreased mean systolic blood pressure by 2.9 to 
3.7 mmHg. (SOE: Low; SGLT-2 inhibitors favored) 

DPP-4 Inhibitors Versus GLP-1 Agonists 
One 26-week RCT compared sitagliptin 100 mg daily with exenatide 2 mg weekly, reporting 

a non-significant between-group difference in systolic blood pressure of 0.5 mmHg (95% CI -2.0 
mmHg to 3.0 mmHg).66 The DPP-4 inhibitor decreased mean systolic blood pressure by 1.8 
mmHg while the GLP-1 agonist decreased mean systolic blood pressure by 1.3 mmHg. (SOE: 
Low; Neither drug favored) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

One 26-week RCT compared metformin plus pioglitazone with metformin plus weekly 
exenatide, reporting a non-significant between-group difference in systolic blood pressure of 2.0 
mmHg (95% CI, -0.8 mmHg to 4.8 mmHg).173 The metformin plus pioglitazone combination 
decreased mean systolic blood pressure by 1.6 mmHg while the metformin plus exenatide 
combination decreased mean systolic blood pressure by 3.6 mmHg. (SOE: Low; Neither 
combination favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Three RCTs over a year in duration compared metformin plus a sulfonylurea with metformin 
plus a SGLT-2 inhibitor (canagliflozin, empagliflozin, and dapagliflozin).181-183 The pooled 
between-group difference in systolic blood pressure was 5.1 mmHg (95% CI, 4.2 mmHg to 5.9 
mmHg) (Figure 37), favoring combinations with a SGLT-2 inhibitor for lowering blood pressure. 
Metformin with a sulfonylurea increased mean systolic blood pressure by 0.2 mmHg to 2.5 
mmHg, while metformin with a SGLT-2 inhibitor decreased mean systolic blood pressure by 2.7 
mmHg to 4.6 mmHg. No substantial heterogeneity was found, and no single study markedly 
influenced the results. (SOE: High; Combination of metformin plus a SGLT-2 inhibitor favored) 
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Figure 37. Pooled mean between-group difference in systolic blood pressure comparing a 
combination of metformin plus a sulfonylurea with a combination of metformin plus a SGLT-2 
inhibitor 

 
CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); Met = metformin; 
mmHg = millimeters mercury; SGLT-2 = sodium-glucose co-transporter-2; SU = sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Four RCTs comparing metformin plus a sulfonylurea with metformin plus a GLP-1 agonist 
reported systolic blood pressure, favoring the combination of metformin plus a GLP-1 agonist 
for lowering blood pressure.110, 184, 185, 187 These were not combined in a meta-analysis due to 
differences in the duration, and absence of sufficient data.185 One 16-week RCT compared 
metformin plus glimepiride with metformin plus exenatide and showed a non-significant 
between-group difference in systolic blood pressure of 2.0 mmHg (95% CI, -12.5 mmHg to 16.5 
mmHg) with both combinations decreasing mean systolic blood pressure.184  

One 16-week RCT compared metformin plus glimepiride with metformin plus liraglutide 
showing a significantly greater reduction in systolic blood pressure, by more than 3 mmHg, with 
the liraglutide combination arms compared with 0.91 mmHg in the glimepiride combination arm 
(P < 0.05).187 There was a differential loss to followup with 46% to 59% in the higher liraglutide 
dose arms compared with 16% in the metformin plus sulfonylurea arm. One 104-week RCT 
compared metformin plus glimepiride with metformin plus albiglutide showing a significant 
between-group difference in systolic blood pressure favoring the GLP-1 agonist combination by 
2.5 mmHg (95% CI, 0.3 mmHg to 4.7 mmHg).110 The metformin plus glimepiride increased 
mean systolic blood pressure by 1.5 mmHg while the metformin plus albiglutide arm decreased 
mean systolic blood pressure by 1.0 mmHg. (SOE: Low; Combination of metformin plus a GLP-
1 agonist favored) 
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Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

We pooled three short duration RCTs comparing metformin plus a DPP-4 inhibitor versus 
metformin plus a SGLT-2 inhibitor.122, 125, 127 The pooled results showed a between-group 
difference in systolic blood pressure of 4.1 mmHg (95% CI, 3.6 mmHg to 4.6 mmHg) (Figure 
38), favoring metformin plus SGLT-2 inhibitors. The DPP-4 inhibitor combinations decreased 
mean systolic blood pressure by 0.7 mmHg to 1.8 mmHg, while the SGLT-2 inhibitor 
combinations decreased mean systolic blood pressure by 4.7 mmHg to 8.5 mmHg. No single 
study markedly influenced the results, and there was no substantial heterogeneity.  

We excluded one 104-week RCT from the meta-analysis due to its long duration.82 The trial 
compared metformin plus sitagliptin with metformin plus empagliflozin. The trial showed a 
between-group difference in systolic blood pressure of 5.1 mmHg (95% CI, 1.0 mmHg to 9.2 
mmHg) with metformin plus 10 mg of empagliflozin and 4.8 mmHg (95% CI, 0.7 mmHg to 8.9 
mmHg) with metformin plus 25 mg of empagliflozin, favoring the combination arm with a 
SGLT-2 inhibitor.82 These results were consistent with the results from the meta-analysis. The 
metformin plus sitagliptin arm increased mean systolic blood pressure by 1.8 mmHg while the 
metformin plus empagliflozin arms decreased mean systolic blood pressure by 3 mmHg to 3.3 
mmHg. (SOE: Moderate; Combination of metformin plus a SGLT-2 inhibitor favored) 

Figure 38. Pooled mean between-group difference in systolic blood pressure comparing a 
combination of metformin plus a DPP-4 inhibitor with a combination of metformin plus a SGLT-2 
inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; ES = effect size (mean between-group difference in the change from 
baseline); Met = metformin; mmHg = millimeters mercury; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Four RCTs comparing metformin plus a DPP-4 inhibitor with metformin plus a GLP-1 
agonist showed no clear differences between-groups.110, 128, 173, 192 We did not combine these 
RCTs in a meta-analysis because of differences in drug type and study duration.  

One 26-week RCT compared metformin plus sitagliptin with metformin plus exenatide and 
showed a between-group difference in systolic blood pressure of 4.0 mmHg (95% CI, 1.5 mmHg 
to 6.5 mmHg) favoring the combination arm with GLP-1 agonists. The metformin plus DPP-4 
inhibitor arm increased mean systolic blood pressure by 0.2 mmHg while the metformin plus 
GLP-1 agonist arm decreased mean systolic blood pressure by 3.6 mmHg.173 A 26-week RCT 
compared metformin plus sitagliptin with metformin plus liraglutide showing a non-significant 
between-group difference in systolic blood pressure of 0.4 mmHg (95% CI, -2.0 mmHg to 2.7 
mmHg) with metformin plus1.2 mg of liraglutide and 0.2 mmHg (95% CI, -2.1 mmHg to 2.6 
mmHg) with metformin plus1.8 mg of liraglutide.192 All arms decreased mean systolic blood 
pressure. 

Among the newest studies, one 52-week RCT compared metformin plus sitagliptin with 
metformin plus dulaglutide and showed a non-significant between-group difference in systolic 
blood pressure of 0 mmHg (95% CI, -1.9 mmHg to 1.9 mmHg) with 0.75 mg of dulaglutide 
weekly and 0.3 mmHg (95% CI, -1.6 mmHg to 2.2 mmHg) with 1.5 mg of dulaglutide 
weekly.128 All arms decreased mean systolic blood pressure. One 104-week RCT compared 
metformin plus sitagliptin with metformin plus albiglutide and showed a non-significant 
between-group difference in systolic blood pressure of 1.2 mmHg (95% CI, -1.1 mmHg to 3.5 
mmHg).110 The metformin plus DPP-4 inhibitor arm increased mean systolic blood pressure by 
0.2 mmHg while the metformin plus GLP-1 agonist arm decreased mean systolic blood pressure 
by 1.0 mmHg. (SOE: Low; Neither combination favored) 

Strength of Evidence for Systolic Blood Pressure 
The strength of evidence for the comparative effects of monotherapy and metformin-based 

combinations are presented in Table 11 and Table 12 and summarized in the key points. All 
studies were RCTs. Study limitations for all the comparisons were low or medium. In general, 
we did not find strong differences in outcomes in the lower versus higher quality studies. We 
were unable to assess publication bias given the limited number of studies for each comparison 
for systolic blood pressure. We also did not find any evidence of publication bias or reporting 
bias in the grey literature review. We considered this outcome direct since systolic blood 
pressure is strongly linked with important long-term clinical outcomes.203-205 
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Table 11. Strength of evidence domains for monotherapy comparisons in terms of systolic blood pressure among adults with type 2 
diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. SGLT-2 
inhibitors 

4 (1651) Medium  Consistent Direct Precise Undetected Moderate SGLT-2 inhibitors 
favored; Small effect 

Metformin vs. GLP-1 
agonists 

2 (820) Low  Inconsistent Direct Precise Undetected Low Neither drug favored 

Metformin vs. metformin + 
SGLT-2 inhibitors 

9 (4478) Low  Consistent Direct Precise Undetected High Metformin + SGLT-2 
inhibitors favored; 
Moderate effect 

Metformin vs. metformin + 
GLP-1 agonists 

4 (2362) Medium  Consistent Direct Imprecise Undetected Moderate Metformin + GLP-1 
agonists favored; 
Moderate effect 

TZD vs. GLP-1 agonists 1 (820) Low  Unknown Direct Precise Undetected Low Neither drug favored 
SU vs. GLP-1 agonists 1 (746) Medium  Unknown Direct Imprecise Undetected Low Neither drug favored  
DPP-4 inhibitors vs. 
SGLT-2 inhibitors 

1 (899) Low  Unknown Direct Imprecise Undetected Low SGLT-2 inhibitors 
favored; Moderate 
effect 

DPP-4 inhibitors vs. GLP-
1 agonists 

1 (820) Low  Unknown Direct Precise Undetected Low Neither drug favored 

DPP-4 = dipeptidyl-peptidase 4; GLP-1 = glucagon-like peptide-1; SGLT-2 = sodium-glucose co-transporter 2; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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Table 12. Strength of evidence domains for metformin-based combination comparisons in terms of systolic blood pressure among 
adults with type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations  

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + TZD vs. 
metformin + GLP-1 
agonists 

1 (514) Low  Unknown  Direct Precise Undetected Low Neither combination 
favored 

Metformin + SU vs. 
metformin + SGLT-2 
inhibitors 

3 (3815) Low  Consistent Direct Precise Undetected High Metformin + SGLT-2 
inhibitors favored; 
Moderate effect 

Metformin + SU vs. 
metformin + GLP-1 
agonists 

4 (3049) Medium  Consistent Direct Imprecise Undetected Low Metformin + GLP-1 
agonists favored; 
Small effect 

Metformin + DPP-4 
inhibitors vs. metformin + 
SGLT-2 inhibitors 

4 (2853) Medium  Consistent Direct Precise Undetected Moderate Metformin + SGLT-2 
inhibitors favored; 
Moderate effect 

Metformin + DPP-4 
inhibitors vs. metformin + 
GLP-1 agonists 

4 (3322) Low  Inconsistent Direct Imprecise Undetected Low Neither combination 
favored 

DPP-4 = dipeptidyl-peptidase 4; GLP-1 = glucagon-like peptide-1; SGLT-2 = sodium-glucose co-transporter 2; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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The Evidence About Heart Rate 

Monotherapy Comparisons 

Metformin Versus SGLT-2 Inhibitors 
Two RCTs compared metformin with SGLT-2 inhibitors and showed no differences in heart 

rate between the arms.81, 82 One 12-week RCT compared metformin with dapagliflozin showing 
a non-significant between-group difference in heart rate of 2.1 beats per minute (bpm) (95% CI, -
1.3 bpm to 5.5 bpm) with 5 mg of dapagliflozin and 1.1 bpm (95% CI, -2.4 bpm to 4.7 bpm) with 
10 mg of dapagliflozin. The metformin arm increased mean heart rate by 1.1 bpm, while the 
SGLT-2 inhibitor arms decreased mean heart rate by 0.03 bpm to 1 bpm.81 The other 90-week 
RCT compared metformin and empagliflozin and reported that “reductions in blood pressure 
were not associated with increases in heart rate.”82 (SOE: Low; Neither drug favored) 

Metformin Versus GLP-1 Agonists 
Two RCTs compared metformin with a GLP-1 agonist and showed no clear differences in 

heart rate between the arms.66, 83 One RCT, with 20% loss to follow up, compared metformin 
with two doses of dulaglutide over 52 weeks. There was a non-significant between-group 
difference in heart rate of 0.5 bpm (95% CI, -1.1 bpm to 2.1 bpm) with 0.75 mg of dulaglutide 
weekly and 0.7 bpm (95% CI, -0.9 bpm to 2.3 bpm) with 1.5 mg of dulaglutide weekly. All arms 
had an increase in mean heart rate.83 One 26-week RCT compared metformin with exenatide and 
showed a non-significant between-group difference in heart rate of 1.2 bpm (95% CI, -0.5 bpm 
to 2.9 bpm). The metformin arm had a mean heart rate increase of 0.3 bpm while the GLP-1 
agonist arm had an increase of 1.5 bpm.66 (SOE: Moderate; Neither drug favored) 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Three RCTs comparing metformin to a combination of metformin plus a SGLT-2 inhibitor 

had inconsistent results.125, 132, 134 We did not combine the studies in a meta-analysis due to 
differences in study duration.  

One 12-week RCT compared metformin to metformin plus canagliflozin. Compared to 
metformin, the between-group difference in heart rate was 1.9 bpm lower (95% CI, 1.5 bpm to 
2.3 bpm) with metformin plus 100 mg of canagliflozin, 1.1 bpm (95% CI, 0.7 bpm to 1.5 bpm) 
lower with metformin plus 200 mg of canagliflozin, and 3.4 bpm (95% CI, 3.0 bpm to 3.8 bpm) 
lower with metformin plus 300 mg of canagliflozin.125 In this study, the mean heart rate 
increased by 1.7 bpm in the metformin arm and decreased by 1.7 bpm in the metformin plus 300 
mg of canagliflozin arm.  

One 18-week RCT compared metformin with metformin plus canagliflozin and reported a 
between-group difference in heart rate of 0.9 bpm with 100 mg of canagliflozin daily and 1.4 
bpm with 300mg of canagliflozin daily. Metformin caused no increase in mean heart rate while 
metformin plus canagliflozin increased mean heart rate.132  

A 102-week RCT, with over 20% loss to follow up, compared metformin to metformin plus 
10 mg of dapagliflozin, and showed a non-significant between-group difference in heart rate of 
0.1 bpm (95% CI, -2.8 bpm to 3.0 bpm). Both arms increased mean heart rate slightly.134 (SOE: 
Low; Neither drug favored) 
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Metformin Versus a Combination of Metformin Plus a GLP-1 Agonist 
Two RCTs compared metformin to a combination of metformin plus a GLP-1 agonist with 

conflicting results.110, 128 The 104-week RCT compared metformin to metformin plus albiglutide 
and showed a non-significant between-group difference in heart rate of 1.0 bpm (95% CI, -1.2 
bpm to 3.2 bpm) favoring metformin.110 A 26-week RCT compared metformin to metformin plus 
dulaglutide and showed a between-group difference in heart rate of 2.8 bpm (95% CI, 1.1 bpm to 
4.5 bpm) favoring metformin. There was high loss to followup of at least 60% in all arms in this 
study.128 (SOE: Insufficient; Unable to determine effect) 

Thiazolidinediones Versus GLP-1 Agonists 
One double-blind, 26-week RCT compared pioglitazone titrated to 45 mg daily with 

exenatide 2 mg weekly and showed a between-group difference in heart rate of 3.2 bpm (95% 
CI, 1.3 bpm to 5.0 bpm).66 In this study, the pioglitazone arm decreased mean heart rate by 1.7 
bpm while the GLP-1 agonist arm increased mean heart rate by 1.5 bpm. (SOE: Low; 
Thiazolidinediones favored) 

Sulfonylureas Versus GLP-1 Agonists 
One 104-week RCT compared glimepiride with liraglutide, 1.2 mg and 1.8 mg, and showed a 

non-significant between-group difference in heart rate of 1.4 bpm (95% CI, -0.2 bpm to 2.9 bpm) 
for the lower dose and 0.2 bpm (95% CI, -1.3 bpm to 1.8 bpm) for the higher dose, favoring 
glimepiride.158 The sulfonylurea arm increased the mean heart rate by 0.6 bpm while the 
liraglutide arms increased mean heart rate between 0.9 bpm to 2.0 bpm. There was high loss to 
followup of 50% to 60% among all arms in this study. (SOE: Low; Neither drug favored) 

DPP-4 Inhibitors Versus SGLT-2 Inhibitors 
One 24-week RCT compared 100 mg of sitagliptin to empagliflozin, 10 mg and 25 mg, and 

showed a non-significant between-group difference in heart rate of 0.2 bpm (95% CI, -1.5 bpm 
to 1.9 bpm) with 10 mg of empagliflozin and 0.5 bpm (95% CI, -2.2 bpm to 1.2 bpm) with 25 
mg of empagliflozin, favoring empagliflozin.159 The DPP-4 inhibitor arm increased mean heart 
rate by 0.2 bpm, while lower dose empagliflozin increased mean heart rate by 0.02 bpm and the 
higher dose decreased mean heart rate by 0.25 bpm. (SOE: Low; Neither drug favored) 

DPP-4 Inhibitors Versus GLP-1 Agonists 
One 26-week RCT compared sitagliptin with exenatide and showed a non-significant 

between-group difference in heart rate of 1.0 bpm (95% CI, -0.9 bpm to 2.9 bpm). Both arms 
increased mean heart rate.66 (SOE: Low; Neither drug favored) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

We pooled three RCTs over a year in duration that compared metformin plus a sulfonylurea 
with metformin plus a SGLT-2 inhibitor.181-183 The pooled between-group difference in heart rate 
was 1.5 bpm (95% CI, 0.6 bpm to 2.3 bpm) (Figure 39). The metformin plus sulfonylurea arms 
increased mean heart rate between 0.3 bpm to 0.6 bpm, while the metformin plus SGLT-2 
inhibitor arms decreased mean heart rate between 0.1 bpm to 1.4 bpm. No substantial 
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heterogeneity was identified, and no single study markedly influenced the results. (SOE: 
Moderate; Combination of metformin plus a SGLT-2 inhibitor favored) 

Figure 39. Pooled mean between-group difference in heart rate comparing a combination of 
metformin plus a sulfonylurea with a combination of metformin plus a SGLT-2 inhibitor 

 
bpm = beats per minute; CI = confidence interval; ES = effect size (mean between-group difference in the change from baseline); 
Met = metformin; SGLT-2 = sodium-glucose co-transporter-2; SU = sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Two RCTs compared metformin plus a sulfonylurea with metformin plus a GLP-1 agonist 
with conflicting results.110, 185 One RCT, with 75% losses to followup, reported that mean heart 
rate increased by 1.2 bpm (P = 0.024) with metformin plus exenatide, but not with metformin 
plus glimepiride (0.6 bpm; P = 0.28) with no differences between groups at any time.185 One 
104-week RCT, with 30% loss to followup, compared metformin plus glimepiride with 
metformin plus albiglutide, and showed a between-group difference of 1.8 bpm (95% CI, 0.2 
bpm to 3.4 bpm) favoring the metformin with glimepiride treatment.110 The sulfonylurea 
combination decreased mean heart rate by 0.5 bpm, while the GLP-1 agonist combination 
increased mean heart rate by 1.3 bpm. (SOE: Insufficient; Unable to determine effect) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Two RCTs compared metformin plus a DPP-4 inhibitor to metformin plus a SGLT-2 
inhibitor and showed no clear differences between groups in heart rate.82, 125 One 12-week RCT 
compared metformin plus sitagliptin with three dose strengths of metformin plus canagliflozin. 
The RCT showed a non-significant between-group difference in heart rate of 1.5 bpm (95% CI, 
1.2 bpm to 1.8 bpm) with 100 mg of canagliflozin, 2.3 bpm (95% CI, 2.0 bpm to 2.6 bpm) with 
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200 mg of canagliflozin, and 0.0 bpm (95% CI, -0.4 bpm to 0.4 bpm) with 300 mg of 
canagliflozin.125 The DPP-4 inhibitor with metformin decreased mean heart rate by 1.7 bpm 
while 100 mg of canagliflozin with metformin decreased mean heart rate by 0.2 bpm, 200 mg 
increased mean heart rate by 0.6 bpm, and 300 mg decreased mean heart rate by 1.7 bpm. One 
90-week RCT compared metformin plus sitagliptin to metformin plus empagliflozin and found 
no increase in heart rate accompanying blood pressure reduction.82 (SOE: Low; Neither 
combination favored) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Three RCTs compared metformin plus a DPP-4 inhibitor with metformin plus a GLP-1 
agonist.110, 128, 192 These studies were not combined in a meta-analysis due to differences in study 
duration.  

The two short studies significantly favored the combination of metformin plus a DPP-4 
inhibitor. One 26-week RCT compared metformin plus sitagliptin with metformin plus 
liraglutide and showed a between-group difference in heart rate of 3.0 bpm (95% CI, 1.4 bpm to 
4.5 bpm) with 1.2 mg of liraglutide and 4.6 bpm (95% CI, 3.0 bpm to 6.1 bpm) with 1.8 mg of 
liraglutide. The DPP-4 inhibitor combination decreased mean heart rate by 0.64 bpm while the 
GLP-1 combinations increased mean heart rate by 2.3 bpm and 3.9 bpm.192 A 52-week RCT, 
with over 60% loss to followup, compared metformin plus sitagliptin to metformin plus 
dulaglutide, showing a between-group difference in heart rate of 2.4 bpm (95% CI, 1.0 bpm to 
3.8 bpm) with 0.75 mg of dulaglutide weekly and 2.7 bpm (95% CI, 1.3 bpm to 4.1 bpm) with 
1.5 mg of dulaglutide weekly. The DPP-4 inhibitor combination decreased mean heart rate by 
0.3 bpm, while the GLP-1 combinations increased mean heart rate by 2.1 and 2.4 bpm.128  

The 104-week RCT, with over 30% loss to follow up, compared metformin plus sitagliptin to 
metformin plus albiglutide and showed a non-significant between-group difference in heart rate 
of 0.5 bpm (95% CI, -1.2 bpm to 2.2 bpm). Both arms increased mean heart rate slightly.110 
(SOE: Low; Combination of metformin plus a DPP-4 inhibitor favored) 

Strength of Evidence for Heart Rate 
The strength of evidence for the comparative effects of monotherapy and metformin-based 

combinations are presented in Table 13 and Table 14 and summarized in the key points. All 
studies were RCTs. Study limitations for all comparisons were low or medium. Where quality 
influenced the study results, we describe that under the appropriate comparisons. In general, we 
did not find strong differences in outcomes in the lower versus higher quality studies. We were 
unable to assess publication bias given the limited number of studies for each comparison for 
heart rate. We also did not find any evidence of publication bias or reporting bias in the grey 
literature review. We considered this outcome indirect since there is limited evidence directly 
linking heart rate to mortality or other clinical outcomes, including among adults with diabetes. 
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Table 13. Strength of evidence domains for monotherapy comparisons in terms of heart rate among adults with type 2 diabetes 
Comparison* Number of 

Studies 
(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. SGLT-2 
inhibitors 

2 (1048) Medium  Consistent Indirect Imprecise Undetected Low  Neither drug favored 

Metformin vs. GLP-1 
agonists 

2 (820) Low  Consistent Indirect Precise Undetected Moderate Neither drug favored 

Metformin vs. metformin + 
SGLT-2 inhibitors 

3 (912) Low  Inconsistent Indirect Imprecise Undetected Low Neither drug favored 

Metformin vs. metformin + 
GLP-1 agonists 

2 (2147) Low Inconsistent Indirect Imprecise Undetected Insufficient Unable to determine 

TZD vs. GLP-1 agonists 1 (820) Low Unknown Indirect Precise Undetected Low TZD favored; Small 
effect 

SU vs. GLP-1 agonists 1 (746) Medium  Unknown Indirect Precise Undetected Low Neither drug favored 
DPP-4 inhibitors vs. 
SGLT-2 inhibitors 

1 (899) Low Unknown Indirect Precise Undetected Low Neither drug favored 

DPP-4 inhibitors vs. GLP-
1 agonists 

1 (820) Low Unknown Indirect Precise Undetected Low Neither drug favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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Table 14. Strength of evidence domains for metformin-based combination comparisons in terms of heart rate among adults with type 2 
diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + SU vs. 
metformin +SGLT-2 
inhibitors 

3 (3815) Low  Consistent Indirect Precise Undetected Moderate Metformin + SGLT-2 
inhibitor favored; 
Small effect 

Metformin + SU vs. 
metformin +GLP-1 
agonists 

2 (2078) Medium Inconsistent Indirect Imprecise Undetected Insufficient Unable to determine 

Metformin + DPP-4 
inhibitors vs. metformin + 
SGLT-2 inhibitors 

2 (1110) Medium Consistent Indirect Imprecise Undetected Low Neither combination 
favored 

Metformin + DPP-4 
inhibitors vs. metformin + 
GLP-1 agonists 

3 (2808) Medium Inconsistent Indirect Precise Undetected Low Metformin + DPP-4 
inhibitor favored; 
Small effect 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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Key Question 2a and 2b: Long-Term Clinical Outcomes 

Study Design and Population Characteristics 
One hundred and thirty-two studies, in 134 publications, reported on the comparative 

effectiveness of oral diabetes medications on long-term outcomes of interest (Appendix D, 
Tables 5 to 9). Thirty studies occurred in North America, 33 in Europe, 14 in Asia, and all others 
were multi-continent studies.  

Ninety-seven studies were RCTs, with durations from 12 weeks to 8.5 years. Thirty-four of 
the RCTs lasted for at least one year. All studies specified intermediate, not long-term, outcomes 
as their primary outcome (see Key Question 1), but then also reported the incidence of one or 
more long-term outcomes (e.g., mortality), usually as an adverse event. Two studies used a 
cross-over design.206, 207 Ninety RCTs reported support from a pharmaceutical company. 
Twenty-five of the 74 (33.8%) RCTs identified in this update did not report on rescue therapy; 
rescue therapy was allowed in 26 studies (35.2%) and was not allowed in 23 studies (31%). 

We also included 31 retrospective cohort studies and 1 case-control study; duration of 
followup ranged from six months to eight years. These studies analyzed data from 12 unique 
cohorts, including five studies from Danish national databases;208-212 one from the Saskatchewan 
Health Database.213 Thirteen of the observational studies were designed to explicitly evaluate 
cardiovascular outcomes.120, 208-212, 214-220 Six observational studies reported support from a 
pharmaceutical company.  

The mean age of participants ranged from 48 years to 75 years, with the majority of studies 
reporting a mean age in the upper 50s. Participants were about 50% female. Fifty-two studies did 
not report race or ethnicity. In the studies that reported race, the majority of the participants were 
Caucasians. Two RCTs reported greater than 25 percent African American participants,87, 221 and 
two studies reported 70 to 80 percent Hispanic participants.90, 171 Most trials excluded people 
with coexisting illness, such as renal, cardiovascular, or liver disease.  

Risk of Bias 
Ninety-seven RCTs were included in this section, all of which were described as randomized 

(Figure 40). Sixty percent described their randomization scheme and another 72 percent were 
described as being double-blinded. Forty-three percent of all double-blinded RCTs also 
described the steps taken to ensure blinding. The majority of trials (86 percent) described the 
withdrawals and dropouts. 

Of the 17 observational studies included in this section, 100 percent reported characteristics 
of subjects and tests of interest, 94 percent reported actual probability values, and 82 percent 
described the measurement of outcomes of interest. All studies described and adjusted for 
confounding factors and conducted statistical analyses. All of the observational studies described 
the number of participants who were lost to follow-up after the start of the period of observation.  
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Figure 40. Summary of the risk of bias of randomized controlled trials evaluating long-term clinical 
outcomes 

 

Key Points and Evidence Grades 

All-Cause Mortality 
• Studies reporting on all-cause mortality generally had few deaths and followup durations 

of 12 months or less and therefore, had limited power for this outcome. 
• Short-term (12 months or less) all-cause mortality rates were similar for metformin and 

pioglitazone monotherapy (pooled OR for metformin versus pioglitazone, 0.91; 95% CI, 
0.22 to 3.72). (SOE: Moderate) 

• All-cause mortality rates were similar for the combination of metformin plus a DPP-4 
inhibitor and metformin monotherapy (pooled OR for studies 52 or less weeks in 
duration, pooled OR, 0.89; 95% CI, 0.28 to 2.86). (SOE: High) 

• All-cause mortality rates were similar for the combination of metformin plus an SGLT-2 
inhibitor and metformin monotherapy for both short- and long-term studies (pooled OR 
for studies 52 weeks or greater in duration, 1.15; 95% CI, 0.18 to 7.35 and pooled OR for 
studies less than 52 weeks in duration, 0.99; 95% CI, 0.10 to 9.61). (SOE: Moderate) 

Cardiovascular Mortality 
• Studies reporting on cardiovascular mortality generally had few cardiovascular deaths 

and follow up durations less than 12 months and therefore, had limited power for this 
outcome. 

• Sulfonylurea monotherapy was associated with increased cardiovascular mortality 
compared with metformin monotherapy (relative risk range 1.6 to 2.0 from individual 
RCTs). (SOE: High)  

• Even though there is much concern about the cardiovascular effects of diabetes 
medications as evidenced by the FDA labeling stating a lack of known lower 
macrovascular risk for any diabetes medication, all other evidence on the comparative 
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effectiveness of the included diabetes medications on cardiovascular mortality was of low 
strength or insufficient. 

Cardiovascular and Cerebrovascular Disease Morbidity 
• Studies reporting on cardiovascular and cerebrovascular morbidity generally had few 

events and follow up durations less than 12 months and therefore, had limited power for 
this outcome. 

• Metformin monotherapy was favored over sulfonylurea monotherapy for cardiovascular 
morbidity (range of risk differences with metformin as the reference reported across three 
RCTs, -10.1% to +0.4%; range of adjusted HRs reported across five observational 
studies, 1.06 to 3.22). (SOE: Moderate) 

• Cardiovascular morbidity was similar for metformin and pioglitazone monotherapy (no 
events in two of three RCTs; range of adjusted HRs with metformin as the reference 
reported in observational studies, 1.0 to 1.15). (SOE: Moderate). 

• Even though there is much concern about the cardiovascular effects of diabetes 
medications as evidenced by the FDA labeling stating a lack of known lower 
macrovascular risk for any diabetes medication, all other evidence on the comparative 
effectiveness of the included diabetes medications on cardiovascular morbidity was of 
low strength or insufficient. 

Retinopathy, Nephropathy, and Neuropathy 
• The evidence was low or insufficient for all comparisons. 

The Evidence About All-Cause Mortality 

Monotherapy Comparisons 

Metformin Versus Thiazolidinediones 

Randomized Controlled Trials 
Four RCTs lasting 24 to 52 weeks compared the effects of metformin with pioglitazone and 

found similar risks of all-cause mortality in the metformin and pioglitazone arms with a total of 
seven deaths across the studies (pooled OR for metformin versus pioglitazone, 0.91; 95% CI, 
0.22 to 3.72) (Figure 41).55, 56, 66, 69 We found no evidence of statistical heterogeneity. Omission 
of any single study did not change the conclusions. Deaths were not described in the pioglitazone 
arm of one study, so we imputed “0” events in this arm for the meta-analysis.69  
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Figure 41. Pooled odds ratio of all-cause mortality comparing metformin with pioglitazone 

 
CI = confidence interval; Group 1 = metformin; Group 2 = thiazolidinediones; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Two RCTs compared the effects of metformin with rosiglitazone on all-cause mortality.45, 52 
The A Diabetes Outcome Progression Trial (ADOPT) trial randomized participants from 488 
different centers in the United States, Canada, and Europe to rosiglitazone, metformin, or 
glyburide.45 Death rates were similar in the metformin (31/1454; 2.1%) and rosiglitazone 
(34/1456; 2.3%) arms (median followup 4.0 years).45 The second trial was 32 weeks in duration 
and reported no deaths in the metformin or rosiglitazone arm.52  

Observational Studies 
Two retrospective cohort studies compared the effects of initiating thiazolidinediones and 

metformin (Table 15).222, 223 One study found no difference in all-cause mortality for metformin 
and thiazolidinediones.222 The second study found a significantly increased risk of all-cause 
mortality among women but not men for rosiglitazone versus metformin.223 (SOE: Moderate for 
pioglitazone; Neither treatment favored for pioglitazone) (SOE: Low; Neither treatment favored 
for rosiglitazone) 
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Table 15. Observational studies comparing metformin with thiazolidinediones on all-cause 
mortality 

Author, year Population Mean followup Results 
Pantalone, 
2009222 

Cleveland Clinic electronic 
health record system  
N not reported 

Not reported HR for rosiglitazone, 1.33, 95% CI, 0.93 
to 1.91  
 
HR for pioglitazone, 1.08, 95% CI, 0.78 
to 1.51 
 
Reference = metformin 

Wheeler, 2013223 Veterans Health 
Administration 2004-2009 
 
n=132,306 (metformin) 
n=3753 (rosiglitazone) 

1.7 years 
(metformin) 
 
1.4 years 
(rosiglitazone) 

HR for 185,360 men, 1.19; 95% CI, 
0.95 to 1.49 
 
HR for 7,812 women, 4.36; 95% CI, 
1.34 to 14.20 
 
Reference = metformin 
 
P interaction for gender = 0.034  

CI = confidence interval; HR = hazard ratio 

Metformin Versus Sulfonylureas 

Randomized Controlled Trials 
Six RCTs compared the effects of metformin and a sulfonylurea on all-cause mortality 

(Table 16).45, 66, 98, 99, 106, 107 Two of these RCTs were long trials (followup, 2.8 years to 4.1 
years). One reported more than double the risk of death for the glipizide versus metformin arm66 
whereas the other RCT found no difference in the risk of death between glyburide and 
metformin.45 The other four RCTs lasted less than 30 weeks.98, 99, 106, 107 Three of these reported 
no deaths in either arm;98, 99, 107 the fourth reported one death in the metformin arm and none in 
the sulfonylurea arm.106  

Table 16. Randomized controlled trials comparing metformin with sulfonylureas on all-cause 
mortality 

Author, year Mean followup Number of deaths (%): 
metformin versus sulfonylurea 

Estimate of the 
measure of association 
(95% CI) (metformin as 

reference group) 
Russell-Jones, 201266 2.8 years 7/156 (4.5) versus 14/148 (9.5) RR, 2.1* (0.9 to 5.1) 
Kahn, 200645 4.1 years 

(median) 
31/1454 (2.1) versus 31/1441 (2.2) RR, 1.0* (0.6 to 1.7) 

Chien, 2007107 4 weeks 0/17 (0.0) versus 0/17 (0.0) NR 
Garber, 200398 16 weeks 0/164 (0.0) versus 0/151 (0.0) NR 
Goldstein, 200399 18 weeks 0/76 (0.0) versus 0/84 (0.0) NR 
DeFronzo, 1995106 29 weeks 1/210 (0.5) versus 0/209 (0.0) NR 
CI = confidence interval; NR= not reported; RR = relative risk  
* Calculated for this report from values published in study 

Observational Studies 
We identified seven retrospective cohort studies based on four cohorts (Veteran’s Health 

Administration, n=2;223, 224 Cleveland Clinic electronic health record, n=2;222, 225 Danish National 
Patient Health Registry, n=2;208, 212 and the Health Service Database of Lombardy, n=1226) 
comparing the effects of metformin with a sulfonylurea on all-cause mortality. All studies 
reported an increased risk of death for a sulfonylurea versus metformin (Table 17). (SOE: Low; 
Metformin favored) 

91 



Table 17. Observational studies comparing metformin with sulfonylureas on all-cause mortality 
Author, year Population Followup Number of deaths (%): 

metformin versus 
sulfonylurea 

Adjusted Results 

Kahler, 2007224 Veterans’ Health 
Administration 
Diabetes 
Epidemiology 
Cohort 

3 years 82 / 2988 (2.7%) versus 
1005 / 19,053 (5.3%) 

OR, 0.87; 95% CI, 0.68 to 
1.10 
 
Reference = sulfonylurea  

Wheeler, 2013223 Veterans’ Health 
Administration 

222,258 p-years 
(metformin)  
 
47,604 p-years 
(glipizide) 
 
48,238 p-years 
(glibenclamide) 

2107 / 13,2306 versus 
1121 / 28,957 (glipizide) 
and 912 / 28,156 
(glibenclamide) 

HR for glipizide, 1.55; 95% 
CI, 1.43 to 1.67 
 
HR for glibenclamide, 
1.38; 95% CI, 1.27 to 1.5 
 
Reference = sulfonylurea 

Pantalone, 
2009222 

Cleveland Clinic 
EHR 

8 years NR HR, 0.54; 95% CI, 0.46 to 
0.64 
 
Reference = sulfonylurea 

Pantalone, 
2012225* 

Cleveland Clinic 
EHR 
 
 

2.2 years 
(median) 

NR / 12,774 (metformin) 
NR / 4,325 (glipizide) 
NR / 4,279 (glyburide) 
NR / 2,537 
(glibenclamide) 

HR for glipizide, 1.64; 95% 
CI, 1.39 to 1.94 
 
HR for glyburide, 1.59; 
95% CI, 1.35 to 1.88 
 
HR for glibenclamide, 
1.68; 95% CI, 1.37 to 2.06 
 
Reference = metformin 

Schramm, 
2011212 

National Patient 
Registry 
(Denmark) 
 
Previous MI 

3.3 years 
(median) 

213 / 2906 versus  
141 / 660 (glipizide)  
737 / 3894 (glimepiride) 
265 / 1168 
(glibenclamide) 

HR for glipizide, 1.53; 95% 
CI, 1.23 to 1.89 
 
HR for glimepiride, 1.3; 
95% CI, 1.11 to 1.51 
 
HR for glibenclamide, 
1.47; 95% CI, 1.22 to 1.76 
 
Reference = metformin 

 National Patient 
Registry 
(Denmark) 
 
No previous MI 

91.5 weeks 1548 / 43340 versus 
947 / 6965 (glipizide) 
4081 / 36,313 
(glimepiride)  
1546 / 12,495 
(glibenclamide) 

HR for glipizide, 1.27; 95% 
CI,1.17 to 1.38 
 
HR for glimepiride, 1.32; 
95% CI, 1.24 to 1.4 
 
HR for glibenclamide, 
1.19; 95% CI, 1.11 to 1.28 
 
Reference = metformin 

Andersson, 
2010208 

National Patient 
Registry 
(Denmark) – 
patients with 
admission for 
heart failure 
(1997-2006) 

844 days 239 / 688 (35%) versus 
2344 / 3615 (65%) 

HR, 0.85; 95% CI, 0.75 to 
0.98; P = 0.02) 
 
Reference = sulfonylurea 

Corrao, 2011226 Health Services 
Database of 
Lombardy 

Mean followup 
4.8 to 5.1 years 

NR / 21,810 versus  
NR / 48,627 

HR, 1.37; 95% CI, 1.26 to 
1.49 
 
Reference = metformin 
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CI = confidence interval; EHR = electronic health record; HR = hazard ratio; MI = myocardial infarction; NR = not reported; OR 
= odds ratio 
* This study population may overlap with Pantalone, 2009.222 

Metformin Versus DPP-4 Inhibitors 
Five RCTs compared the effects of metformin with sitagliptin on all-cause mortality. Meta-

analysis of the four RCTs with the most similar durations (24 to 76 weeks) showed no difference 
in all-cause mortality for metformin compared with DPP-4 inhibitors based on a total of 10 
deaths across the studies (pooled OR, 0.53; 95% CI, 0.16 to 1.82) (Figure 42).66, 74, 78, 79 We did 
not find evidence of statistical heterogeneity. One of these RCTs did not report on deaths in the 
DPP-4 inhibitor arm, and we imputed “0” for this arm.66 The fifth RCT compared three 
metformin arms with sitagliptin 100 mg over 104 weeks. Two deaths were reported in the arm 
which started on placebo and was switched to metformin at 24 weeks; one death was reported in 
the metformin arm using 1000 mg as its maximum dose; and no deaths were reported in the 
metformin arm using 2000 mg as its maximum dose.77 No deaths occurred in the sitagliptin 
arm.77 

A single retrospective cohort study from the Danish National Patient Registry reported on 
mortality for metformin (3,024/83,528) and sitagliptin (49/1,228) with mean followup of 0.9 to 
1.8 years. The adjusted risk ratio (RR) for metformin versus sitagliptin was 1.25 (95% CI, 0.92 
to 1.71; P = 0.15).211 (SOE: Low; Neither treatment favored) 

Figure 42. Pooled odds ratio of all-cause mortality comparing metformin with DPP-4 inhibitors 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = dipeptidyl peptidase-4 inhibitors; OR 
= odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus SGLT-2 Inhibitors 
Four (reported in three articles) short-term RCTs (12 to 24 weeks in duration) compared the 

effects of metformin to SGLT-2 inhibitors on all-cause mortality and found no difference for 
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metformin versus SGLT-2 inhibitors (pooled OR, 0.97; 95% CI, 0.10 to 9.36) (Figure 43).80, 81, 

227 Only two deaths were reported in the studies (one death in the metformin arm of one study80 
and one death in the SGLT-2 arm of another80). We did not observe significant statistical 
heterogeneity (I2 = 0.0%). Removal of any one study did not change the inference for this 
finding. (SOE: Low; Neither favored) 

Figure 43. Pooled odds ratio of all-cause mortality comparing metformin with SGLT-2 inhibitors 

 
CI = confidence interval; Group 1 = metformin; Group 2 = sodium-glucose co-transporter-2 inhibitors; OR = odds ratio; SGLT-2 
= sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus GLP-1 Agonists 
Two RCTs compared all-cause mortality between metformin and GLP-1 agonists.66, 83 In one 

RCT lasting 52 weeks, there were no deaths in the metformin or dulaglutide arms.83 In the other 
RCT, lasting 36 weeks, one death was reported in the metformin arm, and deaths were not 
described in the exenatide arm.66 (SOE: Low; Neither favored) 

Metformin Versus a Combination of Metformin Plus a Thiazolidinedione 
Six articles reported the results of seven RCTs (duration ranging from 24 to 80 weeks) on the 

effects of metformin versus metformin plus rosiglitazone on all-cause mortality.52, 88, 89, 92, 96, 228 
The combined OR comparing metformin plus rosiglitazone to metformin was 2.51 (95% CI, 0.66 
to 9.52; I2 = 0.0%) (Figure 44), showing a non-significant increased risk of death with metformin 
plus rosiglitazone (six deaths) compared with metformin monotherapy (one death). Removal of 
any one study did not impact the effect size or confidence interval of the combined estimate 
substantially. (SOE: Low; Metformin monotherapy favored over combination of metformin plus 
rosiglitazone) 
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Figure 44. Pooled odds ratio of all-cause mortality comparing metformin with a combination of 
metformin plus rosiglitazone 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus rosiglitazone; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

A single 24-week RCT compared the effects of metformin (n=103) to metformin plus 
pioglitazone (n=110) reported on all-cause mortality; no deaths occurred in either arm.94 (SOE: 
Insufficient; Unable to draw a conclusion for combination of metformin plus pioglitazone)   

Metformin Versus a Combination of Metformin Plus a Sulfonylurea 

Randomized Controlled Trials 
Four RCTs ranging from 16 to 29 weeks compared the effects of metformin with the 

combination of metformin plus a sulfonylurea on all-cause mortality with a total of three deaths 
reported.98, 99, 106, 107 There was no significant difference for metformin plus a sulfonylurea versus 
metformin (pooled OR, 1.32; 95% CI, 0.09 to 18.56; I2 = 30.1%) (Figure 45). Although removal 
of one study did change the direction of the combined estimate (pooled OR, 0.33),98 removal of a 
single study did not change the width of the confidence interval substantially. (SOE: Low; 
Neither treatment favored) 
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Figure 45. Pooled odds ratio of all-cause mortality comparing metformin with a combination of 
metformin plus a sulfonylurea 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus a sulfonylurea; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
Sixteen RCTs (published in 17 articles) comparing metformin plus a DPP-4 inhibitor to 

metformin monotherapy reported on all-cause mortality.76-79, 111, 114, 115, 117, 118, 120-123, 127-129, 131 For 
studies 52 weeks or less in duration, the pooled OR indicated no difference in mortality rates for 
metformin plus DPP-4 inhibitor versus metformin (pooled OR, 0.89; 95% CI, 0.28 to 2.86) 
(Figure 46).76, 78, 111, 114, 115, 117, 120-123, 127-129, 131 We did not find evidence of statistical 
heterogeneity (I2 = 0.0%). Removal of any one study did not change the direction of effect or 
inference, and there was no evidence of publication bias statistically (P = 0.80) using Harbord’s 
modified test. Three studies did not report on event rates in the metformin arm, and we imputed 
“0” events for these studies.115, 127, 128 
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Figure 46. Pooled odds ratio of all-cause mortality comparing metformin with a combination of 
metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = combination of metformin plus a 
dipeptidyl peptidase-4 inhibitor; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Four RCTs included additional arms with lower doses than the arms from these RCTs that 
were included in the meta-analysis. Results from these arms did not differ from those of the 
meta-analysis (Table 18).76, 78, 123, 131 

We excluded one of the short-term RCTs from the meta-analysis because it underdosed the 
study drugs substantially; this 12-week study reported no deaths in either arm (Table 18).118 

Two RCTs were not included in the meta-analysis because their durations were much longer 
than in the other trials.77, 79 Their results were not substantially different from those reported 
above, and dose of medication did not appear to significantly affect results (Table 18).77, 79 (SOE: 
High; Neither favored) 
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Table 18. Randomized controlled trials or arms of randomized controlled trials excluded from the 
meta-analysis comparing metformin with a combination of metformin plus a DPP-4 inhibitor on all-
cause mortality 

Author, year Followup 
(weeks) 

Metformin 
dose in 

monotherapy 
arm 

Metformin 
dose in 

combination 
arm 

DPP-4 inhibitor 
dose in 

combination 
arm 

Number of 
deaths / N 

(%) in 
metformin 

arm 

Number of 
deaths / N 

(%) in 
metformin + 

DPP-4 
inhibitor arm 

Kadowaki, 
2013118 

12 96% of 
participants 
on ≤750mg 

94% of 
participants 
on ≤750mg 

Sitagliptin 50 
mg 

0/72 (0) 0/77 (0) 

Pratley, 
201476 

26 1000 mg 1000 mg Alogliptin 25 mg 0/109 (0) 0/106 (0) 

  1000 mg 2000 mg Alogliptin 25 mg 0/109 (0) 0/114 (0) 
  2000 mg 1000 mg Alogliptin 25 mg 0/111 (0) 0/106 (0) 
  2000 mg* 2000 mg Alogliptin 25 mg 0/111 (0) 0/114 (0) 
Haak, 2013131 52 2000 mg 1000 mg Linagliptin 5 mg 1/170 (0.6) 2/225 (0.9) 
  2000 mg* 2000 mg Linagliptin 5 mg 1/170 (0.6) 1/171 (0.6) 
Haak, 201278 24 1000 mg 1000 mg Linagliptin 5 mg 0/144 (0) 0/143 (0) 
  1000 mg 2000 mg Linagliptin 5 mg 0/144 (0) 0/143 (0) 
  2000 mg 1000 mg Linagliptin 5 mg 1/147 (0.7) 0/143 (0) 
  2000 mg 2000 mg Linagliptin 5 mg 1/147 (0.7) 0/143 (0) 
Nauck, 
2009123 

26 Mean 1868 
mg 

Mean 1837 
mg 

Alogliptin 12.5 
mg 

0/104 (0) 1/213 (0.5) 

  Mean 1868 
mg* 

Mean 1846 
mg 

Alogliptin 25 mg 0/104 (0) 0/210 (0) 

Pfutzner, 
201179 

76 2000 mg 2000 mg Saxagliptin 5 
mg 

5/328 (1.5) 1/320 (0.3) 

  2000 mg 2000 mg Saxagliptin 10 
mg 

5/328 (1.5) 2/323 (0.6) 

Williams-
Herman, 
201077 

104 2000 mg 1000 mg Sitagliptin 100 
mg 

2/176 (1.1) 1/190 (0.6) 

  1000 mg 1000 mg Sitagliptin 100 
mg 

1/182 (0.5) 1/190 (0.6) 

  1000 mg 2000 mg Sitagliptin 100 
mg 

1/182 (0.5) 1/182 (0.5) 

  2000 mg 1000 mg Sitagliptin 100 
mg 

0/182 (0) 1/190 (0.6) 

  2000 mg 2000 mg Sitagliptin 100 
mg 

0/182 (0) 1/182 (0.5) 

DPP-4 = dipeptidyl peptidase-4; mg = milligrams 
*arm included in the meta-analysis 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Eight RCTs (in seven articles) compared metformin monotherapy with metformin plus an 

SGLT-2 inhibitor and reported on mortality (five deaths).80, 122, 127, 132-135 Five of these were short 
trials (duration range, 12 to 24 weeks), including two trials described by Henry, et al;80 no 
difference in mortality was seen between arms. The combined OR for all-cause mortality for 
metformin plus SGLT-2 inhibitor versus metformin was 0.99 (95% CI, 0.10 to 9.61) (Figure 
47).80, 122, 132, 133 We did not find statistical heterogeneity (I2 = 0.0%). Removal of any one study 
did not change the overall inference. Two of these RCTs did not report on events in the 
metformin arm, and we imputed “0” events in these arms.132, 133 
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Three of the RCTs were longer (range, 52 to 102 weeks). The OR for all-cause mortality for 
metformin plus SGLT-2 inhibitor versus metformin was 1.15 (95% CI, 0.18 to 7.35) (Figure 
47).127, 134, 135 We did not find evidence of statistical heterogeneity (I2 = 0.0%). 

Figure 47. Pooled odds ratio of all-cause mortality comparing metformin with a combination of 
metformin plus a SGLT-2 inhibitor, stratified by study duration 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus a sodium-glucose co-transporter-2 
inhibitor; OR = odds ratio; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Five of the eight RCTs comparing metformin with metformin plus a SGLT-2 inhibitor had 
multiple different dosing arms; event rates were low and did not appear to vary by dose.122, 127, 

132, 133, 135 (SOE: Moderate: Neither favored) 

Metformin Versus a Combination of Metformin Plus a GLP-1 Agonist 
A single RCT compared metformin with the combination of metformin plus two doses of 

dulaglutide (two dulaglutide arms: 0.75 mg and 1.5 mg weekly) and reported on all-cause 
mortality at 52 weeks. No deaths were reported in the metformin monotherapy arm (0/177); one 
death was reported in the metformin plus 1.5 mg of dulaglutide weekly arm (1/304); and no 
deaths were observed in the 0.75 mg of dulaglutide weekly arm (0/302) over 52 weeks.128 (SOE: 
Low; Neither treatment favored) 

Thiazolidinediones Versus Sulfonylureas 

Randomized Controlled Trials 
Three RCTs compared thiazolidinediones with sulfonylureas and reported on mortality. The 

ADOPT trial reported a similar number of deaths in the rosiglitazone arm compared with the 
glyburide arm (2.3% versus 2.2%, respectively) over a median of 4.1 years.45 Another trial 
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(N=598) reported no deaths in either the rosiglitazone (4 mg and 8 mg arms) or sulfonylurea 
arms at 52 weeks.140 A 56-week trial reported two deaths in the glyburide arm (2/251; 0.8%) and 
no deaths in the pioglitazone arm (0/251).141  

Observational Studies 
Two retrospective cohort studies compared the effects of thiazolidinediones with 

sulfonylureas on all-cause mortality.222, 223 In the cohort from the Cleveland Clinic (N=20,450), 
individuals initiating pioglitazone had a significantly lower risk of death compared with those 
initiating a sulfonylurea (adjusted HR, 0.59; 95% CI, 0.43 to 0.81). Those initiating rosiglitazone 
did not have a statistically significant lower risk of death compared with those initiating a 
sulfonylurea (adjusted HR, 0.73; 95% CI, 0.51 to 1.02). Followup time was not specified.222 In 
the Veterans’ Hospital Administration cohort, glipizide and glibenclamide were each compared 
separately with rosiglitazone.223 Event rates were 1,104/28,202 (over 46,627 person-years); 
899/27,376 (over 47,190 person-years); and 85/3,653 (over 5,140 person-years) for glipizide, 
glibenclamide, and rosiglitazone, respectively.223 Compared with rosiglitazone, the adjusted RR 
for glipizide was 1.26 (95% CI, 1.00 to 1.58), and the adjusted RR for glibenclamide was 1.09 
(95% CI, 0.87 to 1.38).223 (SOE: Low; Pioglitazone favored over sulfonylureas) (SOE: Low; 
Neither rosiglitazone nor sulfonylureas favored) 

Thiazolidinediones Versus DPP-4 Inhibitors 
Two RCTs compared pioglitazone with sitagliptin and reported on mortality.43, 66 The 12-

week RCT (N=106) reported no deaths in either arm.43 The 36-week RCT (N=326) did not 
report on deaths in the pioglitazone or sitagliptin arm although it did report on deaths in other 
study arms.66 Of note, Russell-Jones 2012, et al did not use an intention-to-treat approach and 
had greater than 13% losses to followup across arms.66 (SOE: Low; Neither favored) 

Thiazolidinediones Versus GLP-1 Agonists 
A single RCT with 36 weeks of followup did not report on deaths in the pioglitazone (n=163) 

or exenatide (n=248) arm although it did report on deaths in other study arms.66 (Not graded) 

Sulfonylureas Versus DPP-4 Inhibitors 
A single RCT reported seven and three deaths over 58 weeks in the glipizide (7/212, 3.3%) 

and sitagliptin (3/210, 1.4%) arms, respectively.152 The authors did not use an ITT approach for 
mortality, and losses to followup were greater than 19% for both arms.152 (SOE: Low; DPP-4 
inhibitors favored) 

Sulfonylureas Versus GLP-1 Agonists 
Two RCTs compared sulfonylureas with liraglutide and reported on all-cause mortality.155, 158 

Liraglutide doses varied across the trials, and death rates were low in both trials (Table 19).155, 158 
(SOE: Low; Neither treatment favored) 
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Table 19. Randomized controlled trials comparing sulfonylureas with GLP-1 agonists on all-cause 
mortality 

Author, year Followup 
(weeks) 

Sulfonylurea 
(dose*) 

Liraglutide (dose*) Number of 
deaths / N (%) 

in the 
sulfonylurea 

arm  

Number of 
deaths / N (%) 

in the 
liraglutide 

arm 
Kaku, 2011155 52  Glibenclamide (fixed 

at 1.25 to 2.5 mg) 
Liraglutide (max 0.9 
mg) 

NR/132 1/268 (0.4) 

Garber, 2011158 104 Glimepiride (max 8 
mg) 

Liraglutide (max 1.2 
mg) 

1/248 (0.4) 0/251 (0) 

  Glimepiride (max 8 
mg) 

Liraglutide (max 1.8 
mg) 

1/248 (0.4) 1/247 (0.4) 

GLP-1 = glucagon-like peptide-1; max = maximum; mg = milligrams 
* All doses were titrated, unless otherwise stated. 

DPP-4 Inhibitors Versus SGLT-2 Inhibitors 
Two RCTs compared sitagliptin with a SGLT-2 inhibitor (followup 24 to 26 weeks).159, 229 

No deaths occurred in one study (N=670),159 and one death was reported in the sitagliptin arm of 
the other study (no deaths in the SGLT-2 inhibitor arms; N=495).229 Neither study used an 
intention-to-treat approach for mortality, and losses to followup ranged from 3 to 13% across the 
arms of the trials.159, 229 (SOE: Low; Neither treatment favored) 

DPP-4 Inhibitors Versus GLP-1 Agonists 
A single RCT compared sitagliptin (n=163) with exenatide (n=248) and did not report on 

deaths in either arm although it did report on deaths in other study arms.66 (SOE: Insufficient; 
Unable to draw a conclusion) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

Two multinational RCTs160, 162 directly compared the effect of the combination of metformin 
plus rosiglitazone with the combination of metformin plus a sulfonylurea. One study (N=596) 
reported two deaths in each arm over 52 weeks of treatment,160 and the other reported a fatal 
myocardial infarction in the metformin plus rosiglitazone arm and no deaths in the metformin 
plus sulfonylurea arm (N=514) at 32 weeks.162 (SOE: Low; Neither metformin plus rosiglitazone 
nor metformin plus a sulfonylurea favored)  

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

A single RCT compared the combination of metformin plus pioglitazone with the 
combination of metformin plus sitagliptin and reported one death in the metformin plus 
sitagliptin arm (1/172) and did not report on deaths in the metformin plus pioglitazone arm 
(n=172) at 26 weeks.173 (SOE: Insufficient; Unable to draw a conclusion) 
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Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

A single RCT compared the combination of metformin plus pioglitazone (n=172) with the 
combination of metformin plus weekly exenatide (n=170) at 26 weeks but only provided data on 
deaths in a third arm (metformin plus sitagliptin).173 Given the reporting in the metformin plus 
sitagliptin arm, we may infer that there were no deaths in the metformin plus pioglitazone and 
metformin plus exenatide arms, but this information was not reported.173 (SOE: Insufficient; 
Unable to draw a conclusion) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Three RCTs compared the combination of metformin plus a sulfonylurea with the 
combination of metformin plus a DPP-4 inhibitor and found no significant reduction in mortality 
for metformin plus a DPP-4 inhibitor versus metformin plus a sulfonylurea at two years (pooled 
OR, 0.70; 95% CI, 0.16 to 3.09) (Figure 48).178-180 We found evidence of significant statistical 
heterogeneity (I2 = 56.2%). 

Figure 48. Pooled odds ratio of all-cause mortality comparing a combination of metformin plus a 
sulfonylurea with a combination of metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = combination of metformin plus a sulfonylurea; Group 2 = 
combination of metformin plus a dipeptidyl peptidase-4 inhibitor; Met = metformin; OR = odds ratio; SU = sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

We did not include a fourth RCT evaluating this comparison because of its brief followup 
(30 weeks) compared with those in the meta-analysis. The investigators reported one death in the 
metformin plus sulfonylurea arm (1/519) and no deaths in the metformin plus sitagliptin arm 
(0/516).175 

A single retrospective cohort study in the Danish National Registry reported a significantly 
decreased risk of death among metformin plus DPP-4 inhibitor users (n=11,138) versus 
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metformin plus sulfonylurea users (n=25,092) with median follow up of 2.1 years (adjusted rate 
ratio, 0.65; 95% CI, 0.54 to 0.8).210 (SOE: Low; Combination of metformin plus a DPP-4 
inhibitor favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Results from three RCTs (duration 52 to 104 weeks) suggested that metformin plus SGLT-2 
inhibitors did not significantly affect the risk of death relative to metformin plus sulfonylurea 
(pooled OR, 0.79; 95% CI, 0.29 to 2.11) (Figure 49).181-183 We did not find any evidence of 
statistical heterogeneity (I2 = 0.0%), and removal of any one study did not change the inference 
of no difference between arms. One of the RCTs also evaluated metformin plus canagliflozin at a 
dose lower than that included in the meta-analysis (300 mg daily). The RCT reported no deaths 
in the lower-dose canagliflozin arm (100 mg daily) at 52 weeks.181 Of note, two181, 183 of three 
studies did not use an intention-to-treat approach and had greater than 15% losses to followup 
across arms. (SOE: Low; Neither favored) 

Figure 49. Pooled odds ratio of all-cause mortality comparing a combination of metformin plus a 
sulfonylurea with a combination of metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; Group 1 = combination of metformin plus a sulfonylurea; Group 2 = metformin plus a sodium-glucose 
co-transporter-2 inhibitor; Met = metformin; OR = odds ratio; SGLT-2 = sodium-glucose co-transporter-2; SU = sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

A single RCT compared the combination of metformin plus glimepiride (n=508) with the 
combination of metformin plus exenatide (n=510) and reported five deaths in each arm (assumed 
48 months of followup).185 

A single retrospective cohort study in the Danish National Registry did not find a 
significantly decreased risk of death among metformin plus GLP-1 agonist users (n=4,345) 
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versus metformin plus sulfonylurea users (n=25,092) over median follow up of 2.1 years 
(adjusted rate ratio, 0.77; 95% CI, 0.51 to 1.17).210 (SOE: Low; Neither favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a Basal Insulin 

A single retrospective cohort study in the Danish National Registry found a significantly 
increased risk of death among metformin plus basal insulin users (n=6,858) versus metformin 
plus sulfonylurea users (n=25,092) over median follow up of 2.1 years (adjusted rate ratio, 1.95; 
95% CI, 1.7 to 2.25).210 (Not graded) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a Premixed Insulin 

Two multinational RCTs (N=938) compared the effect of the combination of metformin plus 
a sulfonylurea with the combination of metformin plus a premixed insulin (insulin aspart 70/30 
in one study and insulin lispro 75/25 in the other). Each trial reported one death in the metformin 
plus premixed insulin arms and no deaths in the metformin plus sulfonylurea arms at 16 
weeks.190, 191 (SOE: Low; Combination of metformin plus a sulfonylurea favored) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Two RCTs compared metformin plus sitagliptin with metformin plus an SGLT-2 inhibitor 
and reported on mortality.122, 127 A small (N=212), 12-week trial reported no deaths in any arm 
(metformin plus sitagliptin, metformin plus empagliflozin 10 mg, and metformin plus 
empagliflozin 25 mg).122 A second trial with 52 weeks of followup reported one death in the 
metformin plus sitagliptin arm (1/366), one death in the metformin plus canagliflozin 300 mg 
arm (1/367), and no deaths in the metformin plus canagliflozin 100 mg arm (0/368).127 (SOE: 
Low; Neither favored) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Two RCTs compared the combination of metformin plus sitagliptin with metformin plus a 
GLP-1 agonist and reported few deaths. In the study with longer followup (52 weeks), the death 
rate was twice as high in the metformin plus DPP-4 inhibitor arm versus the metformin plus 
GLP-1 agonist arm based on a total of three deaths.128 The other trial did not report on events in 
the metformin plus GLP-1 agonist arm, and reported a rate similar to that in the other trial for the 
metformin plus DPP-4 inhibitor arm (Table 20).173 (SOE: Low; Combination of metformin plus a 
DPP-4 inhibitor favored) 
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Table 20. Randomized controlled trials comparing a combination of metformin plus sitagliptin with 
a combination of metformin plus a GLP-1 agonist on all-cause mortality 

Author, year Follow up Number of deaths/N (%) in the 
metformin + sitagliptin arm  

Number of deaths/N (%) in the 
metformin + GLP-1 agonist 

arm 
Nauck, 2014128 26 weeks 0/315 (0) Dulaglutide 0.75 mg: 0/302 (0) 

 
Dulaglutide 1.5 mg: 0/304 (0) 

 52 weeks 2/315 (0.6) Dulaglutide 0.75 mg: 0/302 (0) 
 
Dulaglutide 1.5 mg: 1/304 (0.3) 

Bergenstal, 2010173 26 weeks 1/172 (0.6) Exenatide 2 mg weekly: NR/170 
GLP-1 = glucagon-like peptide-1; mg = milligrams; NR = not reported 

Combination of Metformin Plus a GLP1-1 Agonist Versus a Combination of 
Metformin Plus a Basal Insulin 

A single RCT (N=321) compared metformin plus exenatide with metformin plus insulin 
glargine and reported no deaths in either arm at 26 weeks.194 (SOE: Insufficient; Unable to draw 
a conclusion) 

Strength of Evidence for All-Cause Mortality 
We found high strength of evidence that neither metformin nor the combination of metformin 

plus DPP-4 inhibitors were favored for short-term all-cause mortality and moderate strength of 
evidence for a few additional metformin-based monotherapy comparisons (see Key Points, Table 
21, and Table 22). We found low or insufficient strength of evidence for all other comparisons, 
including all combination comparisons, evaluating all-cause mortality.  

Most evidence on this outcome came from RCTs that we found to be at low or medium risk 
of bias. Notably, none of the RCTs were designed to evaluate all-cause mortality. Observational 
studies had medium risk of bias and tended to support RCT findings. For the comparison of 
rosiglitazone and sulfonylurea monotherapy, two RCTs suggested no treatment difference for all-
cause mortality, but the observational studies including 79,681 participants favored rosiglitazone 
over sulfonylurea monotherapy. Evidence was generally consistent across monotherapy 
comparisons with less consistency for combination therapy comparisons, in part because of the 
smaller number of studies for these comparisons. The RCT evidence on mortality was 
substantially underpowered and imprecise because of few studies and small sample sizes with 
few events.  

Our evaluation of publication bias was generally limited by the small number of studies. 
However, we suspect there may be reporting bias for two of the comparisons: sulfonylureas 
versus DPP-4 inhibitors and metformin plus a sulfonylurea versus metformin plus a DPP-4 
inhibitor. For the monotherapy comparison, we identified in the published literature a single 
moderately-sized RCT which suggested that DPP-4 inhibitors were favored over sulfonylureas 
for all-cause mortality. We found two additional unpublished studies with results consistent with 
the findings in the one published RCT. For the combination therapy comparison, we identified 
four RCTs and one observational study which suggested that metformin plus DPP-4 inhibitors 
were favored over metformin plus a sulfonylurea; however results among the RCTs were 
inconsistent. We identified an additional unpublished study supporting that the combination of 
metformin plus a DPP-4 inhibitor is favored over that of metformin plus a sulfonylurea. In both 
of these cases, the evidence could have been strengthened if these results had been published. 
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Table 21. Strength of evidence domains for monotherapy comparisons in terms of all-cause mortality among adults with type 2 diabetes 
Comparison* Number of 

Studies 
(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. 
pioglitazone 

RCTs: 4 
(1755) 
Observational: 
1 (NR) 

Low  
 
Medium  

Consistent 
 
Unknown  

Direct 
 
Direct 

Imprecise 
 
N/A 

Undetected 
 
N/A 

Moderate Neither treatment 
favored 
Pooled OR for 
metformin versus 
pioglitazone, 0.91; 
95% CI, 0.22 to 3.72 

Metformin vs. 
rosiglitazone 

RCTs: 2 
(3224) 
Observational: 
2 (193,172) 

Low  
 
Medium  

Inconsistent 
 
Consistent 

Direct 
 
Direct 

Imprecise 
 
Precise 

Undetected 
 
N/A 

Low Neither treatment 
favored 

Metformin vs. SU RCTs: 6  
 
Observational: 
7 (50,802) 

Low  
 
Medium  

Inconsistent 
 
Consistent 
 

Direct 
 
Direct 

Imprecise 
 
Imprecise 

Undetected 
 
N/A 

Low Metformin favored 

Metformin vs. DPP-4 
inhibitors 

RCTs: 5 
(4,792) 
Observational: 
1 (84,756) 

Low  
 
Medium  

Inconsistent 
 
Unknown 

Direct 
 
Direct 

Imprecise 
 
Imprecise 

Undetected 
 
N/A 

Low Neither treatment 
favored 

Metformin vs. SGLT-2 
inhibitors 

RCTs: 4 
(2,041) 

Medium  Consistent Direct Imprecise Undetected Low Neither treatment 
favored 

Metformin vs. GLP-1 
agonists 

RCTs: 2 (820) Low  Consistent Direct Imprecise Undetected Low Neither treatment 
favored 
Incomplete reporting 
on death 

Metformin vs. metformin 
+ pioglitazone 

RCT: 1 (213) Low  Unknown Direct Imprecise Undetected Insufficient Unable to determine 

Metformin vs. metformin 
+ rosiglitazone 

RCTs: 7 
(3242) 

Medium  Consistent Direct Imprecise Undetected Low Metformin 
monotherapy 
favored 

Metformin vs. metformin 
+ SU 

RCTs: 4 (971) Medium  Consistent Direct Imprecise Undetected Low Neither treatment 
favored 

Metformin vs. metformin 
+ DPP-4 inhibitors 

RCTs: 17 
(11,434) 

Low  Consistent Direct Precise Undetected High Neither treatment 
favored 
Pooled OR for 
metformin plus DPP-
4 inhibitor versus 
metformin, 0.89; 
95% CI, 0.28 to 2.86 

Metformin vs. metformin RCTs: 8 Low  Consistent Direct Imprecise Undetected Moderate Neither treatment 
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+ SGLT-2 inhibitors (4668) favored 
<52 weeks:  
Pooled OR for 
metformin plus 
SGLT-2 inhibitor 
versus metformin, 
0.99; 95% CI, 0.10 
to 9.61 
≥52 weeks: 
Pooled OR for 
metformin plus 
SGLT-2 inhibitor 
versus metformin, 
1.15; 95% CI, 0.18 
to 7.35 

Metformin vs. metformin 
+ GLP-1 agonists 

RCT: 1 (1098) Medium  Unknown Direct Imprecise Undetected Low Neither treatment 
favored 

Rosiglitazone vs. SU RCTs: 2 
(3,484) 
Observational: 
2 (79,681) 

Low  
 
Medium  

Consistent 
 
Inconsistent 

Direct 
 
Direct 

Imprecise 
 
Precise 

Undetected 
 
N/A 

Low Neither treatment 
favored 

Pioglitazone vs. SU RCT: 1 (502) 
Observational: 
1 (20,450) 

Low  
 
Medium  

Unknown 
 
Unknown 

Direct 
 
Direct 

Imprecise 
 
Precise 

Undetected 
 
N/A 

Low Pioglitazone favored 

Pioglitazone vs. DPP-4 
inhibitors 

RCTs: 2 
(1031) 

Medium  Consistent Direct Imprecise Undetected Low Neither treatment 
favored 

SU vs. DPP-4 inhibitors RCT: 1 (426) Medium  Unknown Direct Imprecise Suspected Low DPP-4 inhibitors 
favored 

SU vs. GLP-1 agonists RCTs: 2 
(1157) 

High  Consistent Direct Imprecise Undetected Low Neither treatment 
favored 

DPP-4 inhibitors vs. 
SGLT-2 inhibitors 

RCTs: 2 
(1486) 

Medium  Consistent Direct Imprecise Undetected Low Neither treatment 
favored 

DPP-4 inhibitors vs. 
GLP-1 agonists 

RCT: 1 (820) Medium  Unknown Direct Imprecise Undetected Insufficient Unable to determine 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; RCT = randomized controlled trial; SGLT-2 inhibitors = sodium-glucose 
co-transporter 2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence.  
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Table 22. Strength of evidence domains for metformin-based combination comparisons in terms of all-cause mortality among adults 
with type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + 
rosiglitazone vs. 
metformin + SU 

RCTs: 2 
(1110) 

Low  Consistent Direct Imprecise Undetected Low Neither treatment 
favored 

Metformin + pioglitazone 
vs. metformin + DPP-4 
inhibitors 

RCT: 1 (514) Low  Unknown Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + pioglitazone 
vs. metformin + GLP-1 
agonists 

RCT: 1 (514) Low  Unknown Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + SU vs. 
metformin + DPP-4 
inhibitors 

RCTs: 4 
(3445) 
Observational: 
1 (47433) 

Low  
 
Medium  

Inconsistent 
 
Unknown 

Direct 
 
Direct 

Imprecise 
 
Precise 

Suspected 
 
N/A 

Low Metformin + DPP-4 
inhibitors favored 

Metformin + SU vs. 
metformin + SGLT-2 
inhibitors 

RCTs: 3 
(3815) 

Medium  Inconsistent Direct Imprecise Undetected Low Neither treatment 
favored 

Metformin + SU vs. 
metformin + GLP-1 
agonists 

RCT: 1 (1069) 
 
Observational: 
1 (29,437) 

High  
 
Medium  

Unknown 
 
Unknown 

Direct 
 
Direct 

Imprecise 
 
Precise 

Undetected 
 
N/A 

Low Neither treatment 
favored 

Metformin + SU vs. 
metformin + premixed 
insulin 

RCTs: 2 (938) High  Consistent Direct Imprecise Undetected Low Metformin + SU 
favored 

Metformin + DPP-4 
inhibitors vs. metformin 
+ SGLT-2 inhibitors 

RCTs: 2 
(1779) 

Low  Consistent  Direct Imprecise Undetected Low Neither favored 

Metformin + DPP-4 
inhibitors vs. metformin 
+ GLP-1 agonists 

RCTs: 2 
(1612) 

Low  Consistent Direct Imprecise Undetected Low Metformin + DPP-4 
inhibitors favored 

Metformin + GLP-1 
agonists vs. metformin + 
basal insulin 

RCT: 1 (321) High  Unknown Direct Imprecise Undetected Insufficient Unable to determine 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; RCT = randomized controlled trial; SGLT-2 inhibitors = sodium-glucose 
co-transporter 2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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The Evidence About Cardiovascular Mortality 

Monotherapy Comparisons 

Metformin Versus Thiazolidinediones 
Three RCTs compared metformin with thiazolidinediones and did not find differences in 

cardiovascular mortality. Two of the RCTs were small, lasted less than one year, and did not 
report any cardiovascular deaths (Table 23).45, 56, 63 Studies were not combined due to different 
lengths of followup. (SOE: Low; Neither favored) 

Table 23. Randomized controlled trials comparing metformin with thiazolidinediones on 
cardiovascular mortality 

Author, year Followup Number of events/N (%) 
in the metformin arm 

Number of events/N (%) 
in the thiazolidinedione 

arm 
Lawrence, 200456 24 weeks 0/20 0/20 (pioglitazone) 
Erem, 201463 48 weeks 0/19 0/19 (pioglitazone) 
Kahn, 200645 4 years (median) 2/1454 (0.1%) 1/1456 (0.1%) 

(rosiglitazone) 

Metformin Versus Sulfonylureas 
Two longer-term RCTs compared metformin with sulfonylureas and reported on 

cardiovascular mortality.45, 214 The multi-national ADOPT trial (N=2895) reported a slightly 
higher incidence of cardiovascular mortality in the glyburide arm versus the metformin arm with 
median followup of 4 years, with two fatal myocardial infarctions in the metformin arm and 
three in the sulfonylurea arm (0.2% versus 0.1%).45 The smaller RCT was conducted in China 
and also reported a higher risk of cardiovascular mortality in the sulfonylurea arm (11/148, 
7.4%) compared with the metformin arm (7/156, 4.5%) over 144 weeks (2.8 years).214 We 
calculated the risk ratio of cardiovascular mortality comparing sulfonylurea with metformin to be 
1.66 (95% CI, 0.66 to 4.16). 

Three retrospective cohort studies analyzing two cohorts compared metformin with a 
sulfonylurea, and all found a higher risk of cardiovascular mortality for sulfonylurea users versus 
metformin users (Table 24).208, 212, 213 (SOE: High; Metformin favored) 
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Table 24. Observational studies comparing metformin with sulfonylureas on cardiovascular 
mortality 

Author, year Cohort Metformin, 
N 

Sulfonylurea, N Median 
followup 

Adjusted HR (95% CI) 
for cardiovascular 

mortality 
Johnson, 
2005213 

Saskatchewan 
Health database 

923 2138 4.6 to 5.6 
years 

0.76 (0.58 to 1.00) 
Reference: sulfonylurea 

Schramm, 
2011212 

Danish National 
Patient Register 

Prior MI  
2,906 
 
No prior MI 
43,340 

Prior MI  
Glibenclamide: 1,168 
Glipizide: 660 
Glimepiride: 3,894 
 
No prior MI 
Glibenclamide: 12,495 
Glipizide: 6,965 
Glimepiride: 36,313 

3.3 years Prior MI 
Glibenclamide: 1.5 (1.22 
to 1.84) 
Glipizide: 1.63 (1.28 to 
2.07) 
Glimepiride: 1.32 (1.11 to 
1.57) 
 
No prior MI 
Glibenclamide: 1.14 (1.03 
to 1.25) 
Glipizide: 1.25 (1.12 to 
1.4) 
Glimepiride: 1.28 (1.18 to 
1.38) 
 
Reference: metformin 

Andersson, 
2010208 

Danish National 
Patient Register 
– Incident 
admission for 
heart failure* 

688 3615 844 days 0.79 (0.65 to 0.96) 
Reference: sulfonylurea 

CI = confidence interval; HR = hazard ratio; MI = myocardial infarction 
*unclear if this population was included in Schramm, 2011212 

Metformin Versus DPP-4 Inhibitors 
Three RCTs compared metformin with DPP-4 inhibitors and reported on cardiovascular 

mortality (Table 25). These studies varied in duration and did not consistently report on events. 
Therefore, we did not combine them in a meta-analysis. Cardiovascular mortality was rare and 
appeared to be more frequent in the metformin than DPP-4 inhibitor arms when reported.77-79 
The longest study did not report on this outcome for these monotherapy arms – only for the 
combination therapy arms (see below).77 (SOE: Low; DPP-4 inhibitors favored) 
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Table 25. Randomized controlled trials comparing metformin with DPP-4 inhibitors on 
cardiovascular mortality 

Author, year Outcome Followup 
(weeks) 

Metformin dose: 
Number of events/N 

(%) 

DPP-4 inhibitor dose: 
Number of events/N 

(%) 
Haak, 201278 Fatal MI 24  1000 mg: 0/142 (0.0%) 

 
2000 mg: 1/147 (0.7%) 

Linagliptin 5 mg: 0/142 
(0.0%) 

Pfutzner, 201179 Sudden death, cardiac 
arrest, coronary 
arteriosclerosis, cardiac 
failure, acute MI 

76 2000 mg: 3/328 (0.9%) Saxagliptin 10 mg: 
1/335 (0.3%) 

Williams-Herman, 
201077 

Sudden cardiac death or 
worsening CHD 

104 1000 mg: NR/182 
 
2000 mg: NR/182 

Sitagliptin 100 mg: 
NR/179 

CHD = coronary heart disease; DPP-4 = dipeptidyl peptidase-4; mg = milligrams; MI = myocardial infarction; NR = not reported 

Metformin Versus a Combination of Metformin Plus a Thiazolidinedione 
Five RCTs reported in four articles89, 92, 96, 228 compared metformin with metformin plus 

rosiglitazone and found non-significant increased odds of cardiovascular mortality for the 
combination of metformin plus rosiglitazone versus metformin monotherapy (pooled OR, 2.68; 
95% CI, 0.42 to 17.08) (Figure 50). Three of the studies reported a single cardiovascular death in 
the metformin plus rosiglitazone arm, and all studies reported no cardiovascular deaths in the 
metformin monotherapy arms. The results of the 80-week study96 did not differ from those of the 
shorter studies.89, 92, 228 We did not find evidence of statistical heterogeneity (I2 = 0.0%), and 
removal of any one study from the meta-analysis did not change the inference.  

Figure 50. Pooled odds ratio cardiovascular mortality comparing metformin with a combination of 
metformin plus rosiglitazone 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus rosiglitazone; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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A single 26-week RCT compared metformin monotherapy with metformin plus pioglitazone 
(15, 30, and 45 mg arms) and reported one event of sudden cardiac death in the metformin plus 
pioglitazone 45 mg arm. The study did not report on sudden cardiac death for the other arms.95 

Of note, two of the RCTs had substantial losses to followup (38% to 45% in one study96 and 
12% to 18% in the other95). This, along with a lack of reporting on the intention-to-treat 
population, limits our conclusions. (SOE: Low; Metformin monotherapy favored over 
combination of metformin plus rosiglitazone) (SOE: Insufficient; Unable to draw a conclusion 
for combination of metformin plus pioglitazone) 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
Results from six RCTs comparing metformin with the combination of metformin plus a DPP-

4 inhibitor showed a non-significant decreased risk of cardiovascular mortality for the metformin 
plus DPP-4 inhibitor arms versus metformin based on 10 deaths across the trials (pooled OR, 
0.51; 95% CI, 0.15 to 1.73) (Figure 51). We did not find evidence of statistical heterogeneity, 
and removal of any one study did not change the inference from the meta-analysis.78, 79, 111, 114, 121, 

128 Cerebrovascular deaths were not reported on in the metformin plus saxagliptin arm in 
Pfutzner 2011, et al, and we assumed that no events occurred in that arm for the meta-analysis.79 
Three of the RCTs included in the meta-analysis also had additional arms with lower dosages 
and did not report on events in those arms.78, 79, 95  

Figure 51. Pooled odds ratio cardiovascular mortality comparing metformin with a combination of 
metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus a DPP-4 inhibitor; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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An additional longer RCT (104 weeks) reported one cardiovascular death in the metformin 
plus sitagliptin arm and did not report on cardiovascular deaths in the metformin monotherapy 
arms.77 (SOE: Low; Combination of metformin plus DPP-4 inhibitors favored) 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
One RCT (N=546) compared metformin with the combination of metformin plus 

dapagliflozin at different doses (2.5, 5.0, and 10.0 mg) and reported two cardiovascular deaths in 
the metformin plus 2.5-mg dapagliflozin arm at 102 weeks and did not report on deaths in the 
other arms.135 (SOE: Insufficient; Unable to draw a conclusion) 

Metformin Versus a Combination of Metformin Plus a GLP-1 Agonist 
A single 26-week RCT compared metformin with metformin plus dulaglutide at two different 

doses (0.5 mg and 1.5 mg per week) and reported one fatal stroke in the metformin plus 
dulaglutide 1.5 mg/week (1/304) arm and no events in the metformin (0/177) or metformin plus 
dulaglutide 0.75 mg/week (0/302) arm.128 (SOE: Low; Neither treatment favored) 

Thiazolidinediones Versus Sulfonylureas 
The ADOPT trial compared rosiglitazone with glyburide over four years and reported two 

fatal myocardial infarctions in the rosiglitazone arm (2/1446, 0.1%) and three fatal myocardial 
infarctions in the glyburide arm (3/1441, 0.2%) resulting in a calculated risk ratio of 0.66 (95% 
CI, 0.11 to 3.97).45 (SOE: Low; Neither treatment favored) 

Sulfonylureas Versus DPP-4 Inhibitors 
Two small RCTs compared a sulfonylurea with a DPP-4 inhibitor (duration 52 to 58 weeks) 

and reported mixed results on fatal myocardial infarction.151, 152 The high-quality study reported 
one fatal myocardial infarction in the linagliptin arm (1/151) and none in the sulfonylurea arm 
(0/151),151 and the other study reported two events in the sulfonylurea arm (2/212) and did not 
report on fatal myocardial infarctions in the sitagliptin arm (n=211).152 The lower-quality study 
did not use an intention-to-treat analysis for fatal myocardial infarction and had large losses to 
followup (19.8% and 22.3% in the sulfonylurea and DPP-4 inhibitor arms, respectively).152 
(SOE: Low; Neither treatment favored) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

A single, five-arm, 26-week RCT (N=1,554) compared metformin plus pioglitazone (arms 
with doses of 15 mg, 30 mg, and 45 mg) with metformin plus alogliptin (12.5-mg and 25-mg 
arms) and reported on sudden cardiac death.95 The investigators reported one sudden cardiac 
death in the metformin plus pioglitazone 45-mg arm (1/129) and did not report on this outcome 
in the other arms. (SOE: Insufficient; Unable to determine effect) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Four RCTs addressed cardiovascular/cerebrovascular mortality for this comparison. 
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Three RCTs with 104 weeks of followup found few (zero to three) fatal cardiovascular 
events across the arms for metformin plus a DPP-4 inhibitor versus metformin plus a 
sulfonylurea (pooled OR, 0.63; 95% CI, 0.15 to 2.59) (Figure 52). We did not find evidence of 
statistical heterogeneity (I2 = 0.0%).178-180 Removal of a single study did not change the inference 
of the meta-analysis. Of note, definitions of cardiovascular mortality varied slightly across the 
studies included in this meta-analysis (Table 26). 

Two RCTs (N=1893; duration, 30 weeks and 104 weeks) addressed fatal stroke specifically 
for this comparison and reported one event in the metformin plus sulfonylurea arms and did not 
report on this outcome for the metformin plus DPP-4 inhibitor arms.175, 179 

A single retrospective cohort study (N=36,230) from the Danish Patient Register reported a 
significantly lower risk of cardiovascular mortality with a median of 2.1 years of followup for 
metformin plus DPP-4 inhibitor users versus metformin plus sulfonylurea users (adjusted rate 
ratio, 0.57; 95% CI, 0.4 to 0.8).210 (SOE: Low; Combination of metformin plus a DPP-4 inhibitor 
favored) 

Figure 52. Pooled odds ratio cardiovascular mortality combination of metformin plus a 
sulfonylurea with a combination of metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = combination of metformin plus a sulfonylurea; Group 2 = 
metformin plus a dipeptidyl peptidase-4 inhibitor; Met = metformin; OR = odds ratio; SU = sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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Table 26. Randomized controlled trials comparing a combination of metformin plus a sulfonylurea 
with a combination of metformin plus a DPP-4 inhibitor on cardiovascular mortality 

Author, year Followup 
(weeks) 

Definition of fatal 
cardiovascular 

event  

Number of 
events / N (%) in 
the metformin 

plus sulfonylurea 
arm 

Number of 
events / N (%) in 
the metformin 

plus DPP-4 
inhibitor arm 

Included 
in meta-
analysis 

Seck, 2010180* 104 Sudden cardiac 
death, fatal MI 

3/548 0/588 (0) Yes 

Goke, 2010179 104 Composite CVD 
mortality outcome 
(cardiac failure, MI) 

1/430 1/428 Yes 

Gallwitz, 2012178 104 Composite CVD 
mortality outcome 
(sudden cardiac 
death, fatal MI, and 
fatal stroke) 

2/775 2/776 Yes 

Goke, 2010179 104 Fatal stroke 1/430 NR/428 No; did not 
report on 
events in 
both arms 

Arechavaleta, 
2011175 

30 Fatal stroke 1/519 NR/516 No; short-
term 
duration 
and did not 
report on 
events in 
both arms 

CVD = cardiovascular disease; DPP-4 = dipeptidyl peptidase-4; MI = myocardial infarction 
*104-week followup of Nauck 2007, et al177 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

A single 104-week RCT reported one cardiovascular death in the metformin plus glipizide 
arm (1/408) and no cardiovascular deaths in the metformin plus dapagliflozin arm (0/406).182 
(SOE: Low; Combination of metformin plus a SGLT-2 inhibitor favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

A single retrospective cohort study (N=29,437) from the Danish Patient Register reported a 
non-significant lower risk of cardiovascular mortality with a median of 2.1 years of followup for 
metformin plus GLP-1 agonist users versus metformin plus sulfonylurea users (adjusted rate 
ratio, 0.89; 95% CI, 0.47 to 1.68).210 (Not graded) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a Basal Insulin 

A single retrospective cohort study (N=29,437) from the Danish Patient Register reported a 
significantly increased risk of cardiovascular mortality with a median of 2.1 years of followup 
for metformin plus basal insulin users versus metformin plus sulfonylurea users (adjusted rate 
ratio, 1.57; 95% CI, 1.23 to 2.01).210 (Not graded) 
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Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a Premixed Insulin 

A single 16-week open-label RCT (N=341) randomized participants with poorly controlled 
diabetes on metformin alone to the addition of glibenclamide or twice daily insulin aspart 70/30 
and reported no deaths in the metformin plus glibenclamide arm and one fatal myocardial 
infarction in the metformin plus premixed insulin arm.191 (SOE: Low; Combination of metformin 
plus sulfonylurea favored) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

A single 26-week, open-label RCT (N=665) randomized participants with poorly controlled 
diabetes on metformin alone to the addition of oral sitagliptin (100 mg) or one of two doses of 
daily subcutaneous injections of liraglutide (1.2 mg or 1.8 mg) and reported one fatal cardiac 
arrest in the metformin plus sitagliptin arm and none in the metformin plus liraglutide arms.192 

A single 26-week RCT (N=921) reported on fatal stroke for metformin plus sitagliptin versus 
metformin plus dulaglutide at two doses (0.75 mg/week and 1.5 mg/week). The investigators 
reported one fatal stroke in the metformin plus dulaglutide 1.5-mg/week arm and no events in the 
other arms.128 (SOE: Insufficient; Unable to determine effect) 

Combination of Metformin Plus a Basal Insulin Versus a Combination of 
Metformin Plus a Premixed Insulin 

A single 32-week, open-label, cross-over study (N=597) randomized participants to 
metformin plus insulin glargine or metformin plus insulin lispro 75/25 twice daily and reported 
one fatal myocardial infarction in the metformin plus insulin lispro 75/25 arm and no events in 
the metformin plus glargine arm.207 (SOE: Insufficient; Unable to determine effect) 

Strength of Evidence for Cardiovascular Mortality 
Although we identified one comparison for which there was high strength of evidence, 

evidence was generally of low strength or insufficient for cardiovascular mortality (see Key 
Points, Table 27 and Table 28). Most evidence on cardiovascular mortality came from RCTs 
lasting 12 months or less, and none of the RCTs were designed to evaluate all-cause mortality. 
We did identify observational studies which strengthened the evidence for a few comparisons 
(metformin versus sulfonylurea and metformin plus a sulfonylurea versus metformin plus DPP-4 
inhibitors). About one-half of the available evidence on monotherapy comparisons and more 
than one-half of that on combination comparisons was at medium or high risk of bias. Most 
evidence from monotherapy comparisons was consistent while we often only found one study for 
a given combination comparison making consistency indeterminate. Sample size and low event 
rates in RCTs limited precision of the evidence on cardiovascular mortality, and the small 
number of studies limited our ability to assess publication bias. Finally, we did not identify 
unpublished studies which looked at comparisons for which we had no published studies. 
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Table 27. Strength of evidence domains for monotherapy comparisons in terms of cardiovascular mortality among adults with type 2 
diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. 
pioglitazone 

RCTs: 2 (120) Medium Consistent Direct Imprecise Undetected Low Neither treatment 
favored 

Metformin vs. 
rosiglitazone 

RCT: 1 (2940) Low Unknown Direct Imprecise Undetected Low Neither treatment 
favored 

Metformin vs. SU RCTs: 2 
(4664) 
Observational: 
3 (115,105) 

Low 
 
Medium 

Consistent 
 
Consistent 

Direct 
 
Direct 

Imprecise 
 
Precise 

Undetected 
 
Undetected 

High Metformin favored; 
RR 1.6 to 2.0 from 
RCTs for SU vs. 
metformin 

Metformin vs. DPP-4 
inhibitors 

RCTs: 3 
(3,188) 

Medium Inconsistent Direct Imprecise Undetected Low DPP-4 inhibitors 
favored 

Metformin vs. metformin 
+ rosiglitazone 

RCTs: 5 
(2,167) 

High  Consistent Direct Imprecise Undetected Low Metformin favored 

Metformin vs. metformin 
+ pioglitazone 

RCT: 1 
(1,554) 

High Unknown Direct Imprecise Undetected Insufficient Unable to determine 

Metformin vs. 
metformin+DPP-4 
inhibitor 

RCTs: 7 
(6,673) 

Medium Consistent Direct Imprecise Undetected Low Metformin + DPP-4 
inhibitors favored; OR 
0.55 (0.17 to 1.76) 

Metformin vs. metformin 
+ SGLT-2 inhibitor 

RCT: 1 (546) Low Unknown Direct Imprecise Undetected Insufficient Unable to determine 
Events not reported 
on in three arms 

Metformin vs. metformin 
+ GLP-1 agonist  

RCT: 1 (1098) Medium Unknown Direct Imprecise Undetected Low Neither treatment 
favored 

TZD vs. SU RCT: 1 
(2,987) 

Low Unknown Direct Imprecise Undetected Low Neither treatment 
favored 

SU vs. DPP-4 inhibitors RCT: 2 (653) Medium Inconsistent Direct Imprecise Undetected Low Neither treatment 
favored 
Events not reported 
for all arms 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; RCT = randomized controlled trial; SGLT-2 inhibitors = sodium-glucose 
co-transporter 2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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Table 28. Strength of evidence domains for metformin-based combination comparisons in terms of cardiovascular mortality among 
adults with type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + pioglitazone 
vs. metformin + DPP-4 
inhibitor 

RCT: 1 (1554) High Unknown Direct Imprecise Undetected Insufficient Unable to determine 
Events not reported 
on in four arms 

Metformin + SU vs. 
metformin + DPP-4 
inhibitors 

RCTs: 4 
(4580) 
Observational: 
1 (36,620) 

Low 
 
Medium 

Consistent 
 
Unknown 

Direct 
 
Direct 

Imprecise 
 
Precise 

Undetected 
 
N/A 

Low Metformin + DPP-4 
inhibitors favored; 
Combined OR 0.69 
(0.17 to 2.86) 

Metformin + SU vs. 
metformin + SGLT-2 
inhibitor 

RCT: 1 (814) Low Unknown Direct Imprecise Undetected Low Metformin + SGLT-2 
inhibitors favored 

Metformin + SU vs. 
metformin + premixed 
insulin 

RCT: 1 (341) Medium Unknown Direct Imprecise Undetected Low Metformin + SU 
favored 

Metformin + DPP-inhibitor 
vs. metformin + GLP-1 
agonist 

RCTs: 2 
(1,763) 

Medium Inconsistent Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + basal insulin 
vs. metformin + premixed 
insulin 

RCT: 1 (597) Medium Unknown Direct Imprecise Undetected Insufficient Unable to determine 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; RCT = randomized controlled trial; SGLT-2 inhibitors = sodium-glucose 
co-transporter 2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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The Evidence About Cardiovascular and Cerebrovascular 
Morbidity 

Monotherapy Comparisons 

Metformin Versus Thiazolidinediones 

Randomized Controlled Trials 
Two RCTs compared metformin with rosiglitazone and reported on cardiovascular 

morbidity.45, 52 Event rates did not differ by treatment; we did not combine these studies in a 
meta-analysis because of variation in duration of followup (Table 29). 

Table 29. Randomized controlled trials comparing metformin with rosiglitazone on cardiovascular 
morbidity 

Author, year Enrolled 
N 

Followup Outcome Number of events / N (%) for 
metformin vs. rosiglitazone 

Kahn*, 200645 4360 4 years 
(median) 

Non-fatal myocardial 
infarction  
 
Stroke 

21/1454 (1.4) vs. 25/1456 (1.7) 
 
 
19/1454 (1.3) vs. 16/1456 (1.1) 

Rosenstock, 200652 468 32 weeks Not defined ischemic heart 
disease 

2/154 (1) vs. 1/159 (1) 

* ADOPT Study 

Three small RCTs less than one year in duration compared metformin with pioglitazone and 
reported very few events.56, 63, 64 We did not perform a meta-analysis given the absence of events 
in two of the three studies (Table 30). 
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Table 30. Randomized controlled trials comparing metformin with pioglitazone on cardiovascular 
morbidity 

Author, year Enrolled 
N 

Followup Outcome Number of events / N (%) for 
metformin vs. pioglitazone 

Erem, 201463 57 48 weeks Nonfatal MI 0/19 (0) vs. 0/9 (0) 
Lawrence, 200456 60 24 weeks Nonfatal CVD morbidity/MI 0/20 (0) vs. 0/20 (0) 
Genovese, 201364 58 16 weeks Discontinuation due to 

myocardial ischemia 
1/29 (3.4) vs. NR/29  

CVD = cardiovascular disease; MI = myocardial infarction; NR = not reported 

Observational Studies 
Three retrospective cohort studies222, 230, 231 compared metformin with rosiglitazone and 

reported mixed results (Table 31). One reported no increased risk of ischemic heart disease for 
rosiglitazone versus metformin222 and the other two suggested an increased risk of cardiovascular 
morbidity.230, 231 (SOE: Low; Neither metformin nor rosiglitazone favored) 

Table 31. Retrospective cohort studies comparing metformin with rosiglitazone on cardiovascular 
morbidity 

Author, year Population (N) Followup Outcome Adjusted HR (95% CI) 
Pantalone, 
2009222 

Cleveland Clinic 
electronic health 
record system  
 (11,515) 

8 years Ischemic heart disease 0.96 (0.76 to 1.21) 
Reference = metformin 

Hsiao, 2009230 Taiwan National 
Health Insurance – 
newly-diagnosed 
diabetes 
(48,537) 

6 years Myocardial infarction 
 
Angina pectoris 
 
Transient ischemic attack 
 
Stroke 

2.09 (1.36 to 3.24) 
 
1.79 (1.39 to 2.30) 
 
2.57 (1.33 to 4.96) 
 
1.61 (0.72 to 3.62) 
 
Reference = metformin 

Brownstein, 
2010231 

United States 
(34,252) 

7 years Hospitalization for acute MI 3.0 (2.4 to 3.7) 
Reference = metformin 

CI = confidence interval; HR = hazard ratio; MI = myocardial infarction 

The same three retrospective cohort studies compared metformin with pioglitazone222, 230, 231 
and found no significant difference in cardiovascular disease risk between groups (Table 32). Of 
note, participants in the Taiwan National Health Insurance database study prescribed 
pioglitazone were more likely to have a history of cardiovascular disease than those prescribed 
metformin.230 (SOE: Moderate; neither metformin nor pioglitazone favored) 

Table 32. Retrospective cohort studies comparing metformin to pioglitazone on cardiovascular 
morbidity 

Author, year Population (N) Followup Outcome Adjusted HR (95% CI) 
Pantalone, 
2009222 

Cleveland Clinic 
electronic health 
record system  
(11944) 

8 years Ischemic heart disease 1.11 (0.91 to 1.34) 
Reference = metformin 

Hsiao, 2009230 Taiwan National 
Health Insurance – 
newly-diagnosed 
diabetes 
(473,483) 

6 years Myocardial infarction 
 
Angina pectoris 

1.0 (0.26 to 3.89) 
 
1.15 (0.6 to 2.21) 
Reference = metformin 

CI = confidence interval; HR = hazard ratio 
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Metformin Versus Sulfonylureas 

Randomized Controlled Trials 
Three RCTs45, 103, 214 compared metformin with sulfonylureas and reported on cardiovascular 

morbidity with two of the three favoring metformin (Table 33). Rates of non-fatal myocardial 
infarction and stroke were similar in the metformin and sulfonylurea arms of the multinational 
ADOPT Study.45 Rates were higher for sulfonylurea versus metformin in the RCT conducted in 
a predominantly-male Chinese population with an established diagnosis of coronary heart 
disease (history of acute myocardial infarction or angiographic evidence of coronary artery 
stenosis >50%).214 The third RCT was small and short (6 months) and found higher rates of 
undefined cardiovascular morbidity in the sulfonylurea than metformin arm.103 

Table 33. Randomized controlled trials comparing metformin with sulfonylureas on cardiovascular 
morbidity 

Author, year Followup Outcome Number of events / N (%) for 
metformin vs. sulfonylurea 

Kahn, 200645 4 years 
(median) 

Non-fatal MI  21/1454 (1.4) vs. 15/1441 (1.0) 

  Stroke 19/1454 (1.3) vs. 17/1441 (1.2) 
Hong, 2013214 2.8 years Non-fatal MI confirmed by medical records 5/156 (3.2) vs. 6/148 (4.1) 
  Non-fatal stroke confirmed by medical records 10/156 (6.4) vs. 15/148 (10.1) 
  Arterial revascularization by PTCA or by 

coronary artery bypass graft confirmed by 
medical records 

21/156 (13.5) vs. 25/148 (16.9) 

  CVD morbidity composite outcome*  39/156 (25.0) vs. 52/148 (35.1) 
  New critical cardiac arrhythmia confirmed by 

medical record 
30/156 (19.2) vs. 27/148 (18.2) 

  New or worsening angina confirmed by 
medical record 

77/156 (49.4) vs. 71/148 (48.0) 

  New peripheral vascular disease events 
confirmed by medical record 

1/156 (0.6) vs. 6/148 (4.1) 

Hermann, 1994103 6 months Unclear – CVD morbidity/CHD 2/25 (5) vs. 3/21 (9) 
CHD = coronary heart disease; CVD = cardiovascular disease; MI = myocardial infarction; PTCA = percutaneous transluminal 
coronary angioplasty 
* Including nonfatal myocardial infarction, nonfatal stroke, or arterial revascularization by PTCA or by coronary artery bypass 
graft, death from a cardiovascular cause, and death from any cause, obtained and confirmed by medical record 

Observational Studies  
Five retrospective cohort studies212, 222, 226, 232, 233 and one case-control study209 reported on 

cardiovascular morbidity for metformin and sulfonylurea use (Table 34 and Table 35. All but 
one222 study reported increased incident cardiovascular morbidity among sulfonylurea versus 
metformin users.209, 212, 222, 226, 232, 233 This risk extended to populations without a history of 
cardiovascular disease at baseline.212, 226 (SOE: Moderate; Metformin favored) 
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Table 34. Retrospective cohort studies comparing metformin with sulfonylureas on cardiovascular 
morbidity 

Author, year Population (N) Followup Outcome Adjusted HR (95% CI) 
Pantalone, 
2009222 

Cleveland Clinic EHR 
system  
(17863) 

8 years Incident ischemic heart 
disease by ICD-9 code 

0.94 (0.85 to 1.05) 
Reference = sulfonylurea 

Hung, 2013232 Taiwan National Health 
Insurance Research 
Database (N=925) 

Median 3.1 
to 3.8 years 

Composite 
cardiovascular 
outcome based on 
ICD-9 codes 

0.31 (0.24 to 0.4) 
Reference = sulfonylurea 

Roumie, 2012233 Veterans Administration 
database linked to 
Medicare files (N= 
253,690) 

0.61 to 0.78 
years 

Hospitalization for 
acute MI, stroke, or 
death 

1.21 (1.13 to 1.29)* 
Reference = metformin 

   Acute MI and stroke  1.15 (1.06 to 1.25)* 
Reference = metformin 

Schramm, 
2011212 

Danish Patient Register 
(N=107,806) 

Median 3.3 
years 

Composite of MI, 
stroke and 
cardiovascular death 
based on ICD-10 
codes 

Prior MI 
1.29 (1.09 to 1.52)† 
1.46 (1.2 to 1.78)‡ 
1.29 (1.12 to 1.49)§ 
 
No prior MI 
1.12 (1.04 to 1.21)† 
1.17 (1.07 to 1.28) ‡ 
1.21 (1.14 to 1.29)§ 
 
Reference = metformin 

Corrao, 2011226 Health Service 
Databases Lombardy 
(N=70,437) 

Mean 4.8 to 
5.1 years 

Composite of death 
from any cause or first 
hospitalization for MI, 
cerebrovascular 
disease, or coronary 
artery bypass graft 
based on ICD-9 

1.15 (1.08 to 1.21) 
Reference = metformin 

CI = confidence interval; EHR = electronic health record; HR = hazard ratio; ICD = International Classification of Diseases; MI 
= myocardial infarction 
*33% to 39% data missing on hemoglobin A1c (covariate in model) 
† glibenclamide 
‡glipizide 
§glimepiride 

Table 35. Nested case-control study comparing metformin with sulfonylureas on hospitalization 
for incidence myocardial infarction 

 Population 
Followup 

Cases Controls Adjusted OR (95% 
CI) 

Horsdal, 2011209 Danish National 
Patient Registry 
 
Median 6 months 

First-time 
hospitalization for 
non-fatal MI 
(N=10,616) 

Age- and gender-
matched patients with 
diabetes and no history 
of MI (N=90,697) 

0.86 (0.78 to 0.95) 
Reference = 
sulfonylurea 

CI = confidence interval; MI = myocardial infarction; OR = odds ratio 

Metformin Versus DPP-4 Inhibitors 
Two RCTs compared metformin with DPP-4 inhibitor monotherapy and reported on 

cardiovascular morbidity. One small, 26-week RCT of low quality reported one nonfatal 
myocardial infarction in the alogliptin arm (1/112) and did not report on events in the metformin 
arms (n=109 and 111 for the 1000-mg and 2000-mg arms, respectively). This study noted that it 
evaluated nonfatal stroke but did not report these outcomes.76 This study did not use an intention-
to-treat approach for cardiovascular morbidity and had greater than 17% losses to followup in 
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both arms.76 A second larger and longer (76 weeks) RCT of higher quality reported that 2.1% of 
participants in the metformin arm (n=328) experienced an acute cardiovascular adverse event 
(otherwise unspecified) and did not report on this outcome in the saxagliptin arm (n=335).79 

A single retrospective cohort study from the Danish National Patient Registry (N=84,756) 
reported a non-significant increase in cardiovascular risk (composite outcome: all-cause 
mortality, acute myocardial infarction, and stroke) for sitagliptin versus metformin over mean 
followup of 0.9 to 1.8 years (adjusted RR, 1.22; 95% CI, 0.92 to 1.61).211 (SOE: Insufficient; 
Unable to determine effect) 

Metformin Versus SGLT-2 Inhibitors 
A single 12-week RCT reported one episode of Prinzmetal angina in the metformin arm 

(1/80) and did not report on events in the empagliflozin 10–mg (n=81) or empagliflozin 25–mg 
(n=82) arms.227 This study did not use an intention-to-treat approach and did not report on 
withdrawals.227 (SOE: Insufficient; Unable to determine effect) 

Metformin Versus a Combination of Metformin Plus a Thiazolidinedione 
Six short-term (18 to 32 weeks) RCTs found a non-significant increase in cardiovascular 

morbidity for metformin plus rosiglitazone versus metformin (pooled OR, 1.59; 95% CI, 0.60 to 
4.25) (Figure 53).52, 87-90, 234 The removal of any one study did not change the inference of the 
meta-analysis. 

Another longer RCT (80 weeks of followup) reported four ischemic events (4/344, 1.7%) and 
five cerebrovascular events (5/344) in the metformin plus rosiglitazone arm compared with four 
ischemic events (4/334, 1.2%) and three cerebrovascular events (3/334) in the metformin arm.96 
Of note, the text of article contradicts results in table (reported here); text reports five ischemic 
events in the metformin arm.96 (SOE: Low; Metformin favored over combination of metformin 
plus rosiglitazone) 
  

123 



Figure 53. Pooled odds ratio of cardiovascular morbidity comparing metformin with a combination 
of metformin plus rosiglitazone 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus rosiglitazone; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

A single 26-week RCT compared metformin to metformin plus pioglitazone (dosed at 15, 30, 
and 45 mg in separate arms) and reported one nonfatal stroke in the metformin arm (1/129) and 
did not report on this outcome for the metformin plus pioglitazone arms (n=388).95 (SOE: 
Insufficient; Unable to determine effect for combination of metformin plus pioglitazone) 

Metformin Versus a Combination of Metformin Plus a Sulfonylurea 
One 6-month RCT,103 which was a good although older study, reported rates of 5% and 14% 

for unspecified cardiovascular events in the metformin versus combination metformin plus 
sulfonylurea arm, respectively.103 (SOE: Low; Metformin favored) 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
Five short RCTs compared the combination of metformin plus a DPP-4 inhibitor with 

metformin monotherapy and found no significant difference in cardiovascular morbidity based 
on 11 events across studies (pooled OR, 1.98; 95% CI, 0.54 to 7.30) (Figure 54).87, 111, 115, 116, 121 
We did not find statistical evidence of heterogeneity, and removal of any one study did not 
change the inference of this meta-analysis. 
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Figure 54. Pooled odds ratio of cardiovascular morbidity comparing metformin with a combination 
of metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4;Group 1 = metformin; Group 2 = combination of metformin plus a 
dipeptidyl peptidase-4 inhibitor; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

We did not include one RCT (N=651) in the meta-analysis because of its longer duration (76 
weeks). The investigators reported a rate of 2.1% for acute cardiovascular adverse events in the 
metformin arm, 0.3% in the metformin plus saxagliptin 5-mg arm, and did not report this rate in 
the metformin plus saxagliptin 10-mg arm.79  

We did not include three additional RCTs in the meta-analysis because of a lack of reporting 
of events in at least one arm precluding estimation of an OR (Table 36). Cardiovascular 
morbidity did not appear to differ by arm based on the limited results reported.76, 120, 131  
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Table 36. Randomized controlled trials comparing metformin with a combination of metformin 
plus a DPP-4 inhibitor on cardiovascular morbidity 

Author, year Followup 
(weeks) 

Outcome Number of events / N (%) for metformin 
vs. metformin + DPP-4 inhibitor 

Raz, 2008111 30  Acute MI Results presented in Figure 54 
Yang, 2011115 24  Acute myocardial ischemia 

or MI 
Results presented in Figure 54 

Scott, 200887 18  Acute CV event Results presented in Figure 54 
Fonseca, 2012116 18  Acute CV events 

(myocardial ischemia or MI 
Results presented in Figure 54 

Ross, 2012121 12  Acute MI Results presented in Figure 54 
Pfutzner, 201179 76  Acute CV events NR/328 (2.1)  

Metformin + saxagliptin 5 mg: NR/320 (0.3)  
Metformin + saxagliptin 10 mg: NR/323 (NR) 

Haak, 2013131 52 Nonfatal MI 1/170 (0.6) 
Metformin 2000 mg + linagliptin: NR /171 
Metformin 1000 mg + linagliptin: 3/225 (1.3) 

  Unstable angina NR/170 (0.6) 
Metformin 2000 mg + linagliptin: 2/171 (1.2) 
Metformin 1000 mg + linagliptin: 2/225 (0.9) 

White, 2014120 12 Nonfatal MI NR/86 
1/74 (1.4) 

Pratley*, 201476 26 Nonfatal MI Metformin 2000 mg: NR/111 
Metformin 1000 mg: NR/109 
Metformin 2000 mg + alogliptin: NR/114 
Metformin 1000 mg + alogliptin: NR/106 

CV = cardiovascular; DPP-4 = dipeptidyl peptidase-4; mg = milligrams; MI = myocardial infarction; NR = not reported 
* included in table even though did not report on outcome for any of the arms because study did provide results for alogliptin 
monotherapy arm implying that there were likely no nonfatal myocardial infarctions in the other arms 

Three RCTs comparing metformin with metformin plus a DPP-4 inhibitor reported on 
nonfatal stroke but did not report on events in all arms (Table 37).76, 95, 131 Nonfatal strokes were 
uncommon and did not appear to vary by arm based on limited reporting of results on this 
outcome. (SOE: Low; Neither treatment favored) 

Table 37. Randomized controlled trials comparing metformin with a combination of metformin 
plus a DPP-4 inhibitor on nonfatal stroke 

Autor, year Followup 
(weeks) 

Number of events / N (%) for metformin vs. 
metformin + DPP-4 inhibitor 

Haak, 2013131 52 1/170 (0.6) 
Metformin 2000 mg + linagliptin: NR/171 
Metformin 1000 mg + linagliptin: 1/225 (0.4) 

DeFronzo, 201295 26 1/129 (0.8) 
Metformin + alogliptin 12.5 mg: NR/128 
Metformin + alogliptin 25 mg: NR/129 

Pratley, 201476 26 Metformin 2000 mg: NR/111 
Metformin 1000 mg: NR/109 
Metformin 2000 mg + alogliptin: NR/114 
Metformin 1000 mg + alogliptin: NR/106 

DPP-4 = dipeptidyl peptidase-4; mg = milligrams; NR = not reported 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
A single 24-week RCT (N=182) compared the effects of metformin with metformin plus 

dapagliflozin on cardiovascular morbidity without prespecifying this as an adverse event. This 
study reported that two participants (2/91, 2.2%) developed angina pectoris in the metformin 
plus dapagliflozin arm and that there were no events in the metformin arm.134 The investigators 
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also reported one transient ischemic attack in the metformin plus dapagliflozin arm (1/91) and 
did not report on this outcome in the metformin arm.134 (SOE: Low; Metformin favored) 

Thiazolidinediones Versus Sulfonylureas 
Two RCTs45, 200 and two retrospective cohort studies230, 231 compared the effects of 

sulfonylureas and rosiglitazone on cardiovascular morbidity (Table 38). A single RCT141 and two 
retrospective cohort studies compared the effects of sulfonylureas and pioglitazone on this 
outcome (Table 39).222, 230 (SOE: Low; Sulfonylureas favored over rosiglitazone) (SOE: Low; 
Neither sulfonylureas nor pioglitazone favored) 

Table 38. Studies comparing rosiglitazone with sulfonylureas on cardiovascular morbidity 
Author, year 
Study design 

Population (N) Followup Outcome Results 

Kahn, 200645 
 
RCT 

ADOPT Study 
(4360) 

4.1 years 
(median) 

Nonfatal MI 
 
Stroke 

Rosiglitazone: 1.7%; SU: 1.0% 
 
Rosiglitazone: 1.3%; SU: 1.2% 

St John Sutton, 
2002200 
 
RCT 

N=351 52 weeks Cardiac-related 
adverse events 

Rosiglitazone: 15.4%; SU: 12.1% 

Pantalone, 
2009222 
 
Retrospective 
cohort 

Cleveland Clinic 
electronic health 
record system  
(8506) 

8 years Incident 
ischemic heart 
disease by ICD-
9 code 

Adjusted HR 0.90; 95% CI, 0.71 to 
1.14 
 
Reference = SU 

Hsiao, 2009230 
 
Retrospective 
cohort 

Taiwan National 
Health Insurance – 
newly-diagnosed 
diabetes 
(99744) 

6 years MI 
 
 
Stroke 
 
 
Transient 
ischemic attack 
 
Angina pectoris 

Adjusted HR 1.49; 95% CI, 0.99 to 
2.24 
 
Adjusted HR 1.45; 95% CI, 0.69 to 
3.05 
 
Adjusted HR 1.90; 95% CI,1.02 to 
3.57 
 
Adjusted HR 1.46; 95% CI, 1.15 to 
1.85 
 
Reference = SU 

Brownstein, 
2010231 
 
Retrospective 
cohort 

Research Patient 
Data Registry 
(34,252) 

7 years Hospitalization 
for MI 

Adjusted RR, 1.3; 95% CI, 1.0 to 1.6  
Reference = SU 

ADOPT = A Diabetes Outcome Progression Trial; CI = confidence interval; HR = hazard ratio; ICD = International 
Classification of Diseases; MI = myocardial infarction; RCT = randomized controlled trial; SU = sulfonylurea; RR = rate ratio  
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Table 39. Studies comparing pioglitazone with sulfonylureas on cardiovascular morbidity 
Author, year 
Study design 

Population (N) Followup Outcome Results 

Jain, 2006141 
 
RCT 

N=502 56 weeks CHD, MI and 
chest pain 

Pioglitazone: 1%; glyburide: 3% 

Pantalone, 
2009222 
 
Retrospective 
cohort 

Cleveland Clinic 
electronic health 
record system  
(8935) 

8 years Incident 
ischemic heart 
disease by ICD-
9 code 

Adjusted HR 1.04; 95% CI, 0.86 to 
1.26 
 
Reference = SU 

Hsiao, 2009230  
 
Retrospective 
cohort 

Taiwan National 
Health Insurance – 
newly-diagnosed 
diabetes 
(98146) 

6 years MI 
 
 
Stroke 
 
 
Transient 
ischemic attack 
 
Angina pectoris 

Adjusted HR 0.72; 95% CI, 0.19 to 
2.77 
 
Adjusted HR 0.59; 95% CI, 0.06 to 
6.03 
 
Adjusted HR 1.28; 95% CI, 0.34 to 
4.86 
 
Adjusted HR 0.91; 95% CI, 0.47 to 
1.74 
 
Reference=SU 

CHD = coronary heart disease; CI = confidence interval; HR = hazard ratio; ICD = International Classification of Diseases; MI = 
myocardial infarction; RCT = randomized controlled trial; SU = sulfonylurea 

Sulfonylureas Versus DPP-4 Inhibitors 
Two RCTs (52 to 58 weeks duration) compared the effects of sulfonylureas with DPP-4 

inhibitors on cardiovascular morbidity and found mixed results.151, 152 One study reported one 
nonfatal myocardial infarction in one participant in the sulfonylurea arm (1/76, 1.3%) and no 
events in the linagliptin arm (0/151, 0.0%).151 The other study reported 11 vascular events in the 
sulfonylurea arm (11/212, 5.2%) and eight events in the sitagliptin arm (8/210, 3.8%).152 The 
dose of glimepiride was low in one study (4 mg),151 and the dose of sitagliptin was low in the 
other study.152 The study by Arjona Ferreira et al did not use an intention-to-treat approach and 
had greater than 20% losses to followup across arms.152 (SOE: Low; DPP-4 inhibitors favored) 

Sulfonylureas Versus GLP-1 Agonists 
Two RCTs compared the effects of sulfonylurea with liraglutide on cardiovascular morbidity 

and reported slightly higher rates of cardiovascular events in the sulfonylurea arms compared 
with the liraglutide arms. In one study (104 weeks), 14 of 248 (6%) participants experienced a 
cardiac disorder in the sulfonylurea arm, and eight of 251 (3%) and 11 of 246 (5%) experienced 
a cardiac disorder in the liraglutide 1.2-mg and 1.8-mg arms, respectively.158 One participant had 
a nonfatal myocardial infarction thought to be related to the study drug in each of the 
sulfonylurea and liraglutide 1.2-mg and 1.8-mg arms.158 The other RCT (N=200) was 52 weeks 
and reported higher rates of vascular (7.6% versus 6.3%) and cardiac (10.6% versus 6.3%) 
disorders in the sulfonylurea arm compared with the liraglutide arm.155 Of note, Kaku 2012, et al, 
used low doses of glibenclamide (1.25 to 2.5 mg/day) and liraglutide (0.9 mg/day).155 (SOE: 
Low; GLP-1 agonists favored) 
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Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

Two RCTs compared metformin plus pioglitazone to metformin plus a sulfonylurea and 
reported mixed results on cardiovascular morbidity.168, 170 One trial (N=288) with submaximally-
dosed pioglitazone (30 mg/day) reported three events (coronary heart disease, carotid artery 
stenosis, and peripheral artery disease) at 24 weeks in the metformin plus sulfonylurea arm and 
did not report on events in the metformin plus pioglitazone arm.170 The other RCT (N=250) 
reported one acute myocardial infarction at 24 weeks in the metformin plus pioglitazone arm 
versus no events on the metformin plus sulfonylurea arm.168 (SOE: Insufficient; Unable to 
determine effect) 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Two RCTs compared metformin plus pioglitazone to metformin plus a DPP-4 inhibitor at 26 
weeks and reported on cerebrovascular events.95, 173 One reported a cerebrovascular accident in 
each arm,173 and the other did not report on cerebrovascular events in the combination therapy 
arms (reported events for monotherapy as discussed above).95 Bergenstal 2010 et al, also 
reported three cardiovascular events (unstable angina, n=1; coronary artery occlusion, n=2) in 
the metformin plus pioglitazone group and no events in the metformin plus sitagliptin group.173 
This RCT did not use an intention-to-treat approach and had differential and large losses to 
followup (13% in metformin plus DPP-4 inhibitor arm and 21% in metformin plus pioglitazone 
arm).173 (SOE: Low; Combination of metformin plus a DPP-4 inhibitor favored over metformin 
plus pioglitazone) 

Two RCTs compared metformin plus rosiglitazone with metformin plus sitagliptin (duration 
16 to 18 weeks) and reported on cardiovascular and cerebrovascular morbidity.87, 171 The trial 
evaluating cardiovascular events reported none in the metformin plus rosiglitazone arm (0/87) 
and two coronary artery disease events in the metformin plus sitagliptin arm (2/94).87 The other 
trial (N=169) reported a transient ischemic attack in each arm.171 (SOE: Insufficient; Unable to 
determine effect for the combination of metformin plus rosiglitazone) 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

One RCT (N=325) compared metformin plus pioglitazone to metformin plus exenatide at 26 
weeks and reported one cerebrovascular accident and three cardiac events (unstable angina and 
coronary artery occlusions) in the metformin plus pioglitazone arms and no events in the 
metformin plus exenatide arm.173 (SOE: Low; Combination of metformin plus a GLP-1 agonist 
favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Of three 104-week RCTs comparing metformin plus sulfonylurea to metformin plus a DPP-4 
inhibitor, one reported an increased risk of a composite cardiovascular outcome for metformin 
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plus sulfonylurea versus metformin plus DPP-4 inhibitor, and the others suggested no difference 
in cardiovascular morbidity (Table 40).177-180  

One of these RCTs reported higher cerebrovascular event rates for metformin plus 
sulfonylurea compared with metformin plus DPP-4 inhibitors while the other RCT reporting on 
this outcome only reported a single event (Table 41).178, 179  

Of note, sulfonylurea doses were submaximal in these RCTs. (SOE: Low; Combination of 
metformin plus a DPP-4 inhibitor favored) 

Table 40. Randomized controlled trials comparing a combination of metformin plus a sulfonylurea 
to a combination of metformin plus a DPP-4 inhibitor on cardiovascular morbidity 

Author, year Followup Outcome Number of events / N (%) for metformin 
+ sulfonylurea vs. metformin + DPP-4 

inhibitor 
Nauck, 2007177, 180 104 weeks 

N=1172 
MI 1/588 (0.2) vs. 0/584 (0) 

Gallwitz, 2012178 104 weeks Nonfatal MI 10/775 vs. 6/776 
 
Unadjusted RR, 0.6; 95% CI, 0.22 to 1.64  
Reference = metformin + sulfonylurea 

  Composite: CV death, MI, 
stroke, or admission to 
hospital due to unstable 
angina 

26/775 vs. 12/776 
 
Unadjusted RR, 0.46; 95% CI, 0.23 to 0.91  
Reference = metformin + sulfonylurea 

  Admission to hospital due 
to unstable angina 

3/775 vs. 3/776 
 
Unadjusted RR, 1.0; 95% CI, 0.2 to 4.93 
Reference = metformin + sulfonylurea 

Goke, 2010179 104 weeks Not defined Qualitative statement: “The incidences of 
CV AEs…were low and similar between 
treatment groups.” 

AE = adverse event; CI = confidence interval; CV = cardiovascular; DPP-4 = dipeptidyl peptidase-4; MI = myocardial infarction; 
RR = risk ratio 

Table 41. Randomized controlled trials comparing a combination of metformin plus a sulfonylurea 
to a combination of metformin plus a DPP-4 inhibitor on cerebrovascular morbidity 

Author, year Followup Outcome Number of events / N (%) for metformin 
+ sulfonylurea vs. metformin + DPP-4 

inhibitor 
Gallwitz, 2012178 104 weeks Cerebral infarction 4/775 vs. 0/776 (0) 
  Nonfatal stroke* 11/775 vs. 3/776 

 
Unadjusted RR, 0.27; 95% CI, 0.08 to 0.97  
Reference = metformin + sulfonylurea 

Goke, 2010179, 235 104 weeks Transient ischemic attack 1/430 vs. NR/428 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; NR = not reported; RR = risk ratio 
*This outcome appears to include stroke and transient ischemic attacks 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Two short-term (26-week) RCTs (N=991) suggested no difference in cardiovascular 
morbidity for this comparison.173, 192 One reported no cardiovascular events in either arm 
(defined as unstable angina or coronary artery occlusion), and the other reported “cardiac 
disorders” in one participant in the metformin plus sitagliptin and the metformin plus liraglutide 
1.8-mg arm.173, 192 
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One of these trials reported on cerebrovascular accidents and reported one event in the 
metformin plus sitagliptin arm and no events in the metformin plus exenatide arm.173 (SOE: 
Low; Neither favored) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a Basal Insulin 

A single RCT (N=501) reported that five participants experienced cardiovascular events 
(carotid artery occlusion, angina pectoris, and unstable angina) in the metformin plus insulin 
glargine arm and two participants experienced cardiovascular events (nonfatal acute myocardial 
infarction and angina pectoris) in the metformin plus sitagliptin arm at 25 weeks.193 Of note, 
events had to be considered “serious” to be reported.193 This study did not use an intention-to-
treat analysis and had moderate, differential losses to followup across arms (5% for sitagliptin 
and 9% for insulin glargine).193 (SOE: Low; Combination of metformin plus a DPP-4 inhibitor 
favored) 

Combination of Metformin Plus a GLP1-1 Agonist Versus a Combination of 
Metformin Plus a Basal Insulin 

A single, small (N=69) RCT compared metformin plus exenatide (mean 0.6 mg daily) with 
metformin plus insulin glargine (mean 33.7 units daily) and reported that one participant in the 
metformin plus insulin arm experienced a cerebrovascular incident at 168 weeks of followup; 
events were not reported for the metformin plus exenatide arm.47 (SOE: Insufficient; Unable to 
determine effect) 

Combination of Metformin Plus a Basal Insulin Versus a Combination of 
Metformin Plus a Premixed Insulin 

In a 16-week cross-over study, 105 participants with newly-diagnosed type 2 diabetes were 
randomly assigned to metformin plus insulin glargine versus metformin plus insulin lispro 75/25 
twice daily.206 During an 8-week lead-in period, participants received neutral protamine 
Hagedorn (NPH) insulin at night, and the metformin dose was titrated. One participant 
experienced a myocardial infarction during the lead-in period, one participant experienced chest 
pain during treatment with premixed insulin; the investigators did not report if this event 
occurred before or after the crossover.206 (SOE: Insufficient; Unable to determine effect) 

Strength of Evidence for Cardiovascular and Cerebrovascular 
Morbidity 

We did not find any high strength of evidence for cardiovascular and cerebrovascular 
morbidity. Most evidence was low or insufficient because of a paucity of studies reporting on 
these outcomes (see Key Points, Table 42, and Table 43). Notably, none of the RCTs were 
designed to evaluate cardiovascular outcomes, and they tended to be short in duration (less than 
12 months), and event rates were low. We identified a mixture of RCT and observational study 
evidence for these outcomes for the monotherapy comparisons, but only RCTs for combination 
comparisons. Most of the evidence was at medium or high risk of bias; common study 
limitations included lack of reporting on randomization and masking procedures and lack of an 
intention-to-treat approach combined with substantial losses to followup. The consistency of this 
evidence was limited by the small number of studies and differences in definitions. While 
observational studies offer the opportunity for precision given their larger sizes in some cases, 

131 



most evidence was still imprecise since we did not identify that many high-quality observational 
studies. Notably, observational studies did not tend to corroborate RCT findings.  

We did suspect publication bias for a few comparisons. For metformin versus DPP-4 
inhibitor monotherapy, two published RCTs did not provide sufficient evidence for a conclusion; 
the unpublished study was too short to add much to the strength of evidence and contradicted the 
published RCTs. We identified three published and one unpublished RCT comparing the 
combination of metformin plus a sulfonylurea to metformin plus a DPP-4 inhibitor; the 
published evidence was inconsistent but suggested that the DPP-4 inhibitor-based therapy was 
favored. However, the unpublished study was moderate in size and had opposite findings 
emphasizing the low strength of this evidence. Finally, we identified one published and one 
unpublished study of metformin plus a basal insulin versus metformin plus a premixed insulin. 
The published study did not report on events in both arms whereas the unpublished study 
suggested an increased risk of cardiovascular morbidity (consistent with the reporting of an event 
in the metformin plus premixed arm in the published RCT). Therefore, the unpublished study 
could have led to a higher grade for the strength of this evidence which might have supported a 
conclusion about this comparison. 
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Table 42. Strength of evidence domains for monotherapy comparisons in terms of cardiovascular and cerebrovascular morbidity among 
adults with type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. 
rosiglitazone 

RCTs: 2 
(4828) 

Medium Consistent Direct Imprecise Undetected Low Neither treatment 
favored 

 Observational: 
3 (94,304) 

Medium Inconsistent Direct Precise N/A   

Metformin vs. 
pioglitazone 

RCTs: 3 (158) Medium Consistent Direct Imprecise Undetected Moderate Neither treatment 
favored 

 Observational: 
3 (65,152) 

Medium Consistent Direct Precise N/A   

Metformin vs. SU RCT: 3 (4808) Low Inconsistent Direct Imprecise Undetected Moderate Metformin favored 
 Observational: 

6 (545,686) 
Medium Consistent Direct Precise N/A   

Metformin vs. DPP-4 
inhibitors 

RCT: 2 
(2,090) 

Medium Inconsistent Direct Imprecise Suspected Insufficient Unable to determine 

 Observational: 
1 (84,756) 

Medium Unknown Direct Precise N/A   

Metformin vs. SGLT-2 
inhibitors 

RCT: 1 (408) High Unknown Direct Imprecise N/A Insufficient Unable to determine 

Metformin vs. metformin 
+ rosiglitazone 

RCTs: 7 
(3136) 

Medium Consistent Direct Imprecise  Undetected Low Metformin favored 

Metformin vs. metformin 
+ pioglitazone 

RCTs: 1 
(1,554) 

High Unknown Direct Imprecise Undetected Insufficient Unable to determine 

Metformin vs. metformin 
+ SU 

RCT: 1 (110) Low Unknown Direct Imprecise Undetected Low Metformin favored 

Metformin vs. metformin 
+ DPP-4 inhibitor 

RCTs: 10 
(4045) 

Low Consistent Direct Imprecise Undetected Low Neither treatment 
favored 
Inadequate reporting 
of events in all arms 

Metformin vs. metformin 
+ SGLT-2 inhibitor 

RCT: 1 (182) Low Unknown Direct Imprecise Undetected Low Metformin favored 

Rosiglitazone vs. SU RCT: 2 (4711) Medium Consistent Direct Imprecise Undetected Low SU favored 

 Observational: 
3 (142,502) 

Medium Inconsistent Direct Precise N/A   

Pioglitazone vs. SU RCT: 1 (502) Medium Unknown Direct Imprecise Undetected Low Neither treatment 
favored 

 Observational: 
2 (107,081) 

Medium Inconsistent Direct Precise N/A   

SU vs. DPP-4 inhibitors RCTs: 2 (653) Medium Inconsistent Direct Imprecise Undetected Low DPP-4 inhibitor 
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Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

favored 
SU vs. GLP-1 agonists RCTs: 2 

(1157) 
High Consistent Direct Imprecise Undetected Low GLP-1 agonist 

favored 
DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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Table 43. Strength of evidence domains for combination therapy comparisons in terms of cardiovascular and cerebrovascular morbidity 
among adults with type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting Bias Strength of 
Evidence 

Summary 

Metformin + TZD vs. 
metformin + SU 

RCTs: 2 
(538) 

High Inconsistent Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + pioglitazone 
vs. metformin + DPP-4 
inhibitor 

RCTs: 2 
(2068) 

High Consistent Direct Imprecise Undetected Low Metformin + DPP-4 
inhibitor favored 

Metformin + rosiglitazone 
vs. metformin + DPP-4 
inhibitor 

RCTs: 2 
(350) 

High Unknown Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + pioglitazone 
vs. metformin + GLP-1 
agonist 

RCT: 1 
(325) 

High Unknown Direct Imprecise Undetected Low Metformin + GLP-1 
agonist favored 

Metformin + SU vs. 
metformin + DPP-4 
inhibitor 

RCTs: 3 
(2410) 

Low Inconsistent Direct Imprecise Suspected Low Metformin + DPP-4 
inhibitor favored 

Metformin + DPP-4 
inhibitor vs. metformin + 
GLP-1 agonist 

RCTs: 2 
(1179) 

Medium Consistent Direct Imprecise Undetected Low Neither favored 

Metformin + DPP-4 
inhibitor vs. metformin + 
basal insulin 

RCTs: 1 
(501) 

High Unknown Direct Imprecise Undetected Low Metformin + DPP-4 
inhibitor favored 

Metformin + GLP-1 
agonist vs. metformin + 
basal insulin 

RCTs: 1 
(69) 

Medium Unknown Direct Imprecise Undetected Insufficient Unable to determine 
Did not report on 
events in both arms 

Metformin + basal insulin 
vs. metformin + 
premixed insulin 

RCTs: 1 
(105) 

Medium Unknown Direct Imprecise Suspected Insufficient Unable to determine 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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The Evidence About Retinopathy 

Monotherapy Comparisons 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
Two RCTs (N=437) compared low-dose metformin with low-dose metformin plus a DPP-4 

inhibitor at 12 weeks and reported on retinopathy.118, 126 Each trial reported one case of 
retinopathy in the metformin monotherapy arm. One of the RCTs reported one case of 
retinopathy in the metformin plus DPP-4 inhibitor arm (alogliptin 12.5 mg) and no cases in in the 
metformin plus alogliptin 25 mg arm.126 The other RCT reported no cases in the metformin plus 
sitagliptin arm.118 (SOE: Low; Neither favored) 

Sulfonylureas Versus GLP-1 Agonists 
A single RCT (N=400) compared rates of retinopathy at 52 weeks in participants randomized 

to submaximally dosed glibenclamide or submaximally dosed liraglutide. Nine (9/132, 6.8%) 
and 16 (16/268, 6%) participants were diagnosed with retinopathy as a “treatment-emergent 
adverse event” during this study in the sulfonylurea and GLP-1 agonist arms, respectively.155 
The study did not report on baseline rates of retinopathy.155 Losses to follow up were greater 
than 15% in each arm, and the investigators did not use an intention-to-treat approach for this 
analysis.155 (SOE: Low; Neither favored) 

Strength of Evidence for Retinopathy 
We identified three RCTs (and no observational studies) evaluating retinopathy, and one 

study was of poor quality.155 Therefore, evidence is mainly insufficient for this outcome (see Key 
Points and Table 44). 
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Table 44. Strength of evidence domains for monotherapy comparisons in terms of retinopathy among adults with type 2 diabetes 
Comparison* Number of 

Studies 
(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. 
metformin + 
DPP-4 
inhibitors 

RCTs: 2 
(N=437) 

Low  Consistent Direct Imprecise Undetected Low Neither arm 
favored 

SU vs. GLP-1 
agonists 

RCT: 1 (411) High  Unknown Direct Imprecise Undetected Low Neither arm 
favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
evidence. 
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The Evidence About Nephropathy 
We included the following nephropathy outcomes: categorical definitions of new or 

progressive nephropathy, changes in urine albumin, and changes in estimated glomerular 
filtration rate. 

Studies of comparisons including an SGLT-2 inhibitor are described in the section on renal 
insufficiency in this report (see Key Question 3 – renal insufficiency). 

Monotherapy Comparisons 

Metformin Versus Thiazolidinediones 
One RCT and two retrospective cohort studies evaluated this outcome and found mixed 

results.55, 236, 237The 12-month RCT (N=1,194) reported a significant decrease in the urine 
albumin-to-creatinine ratio for participants randomized to the pioglitazone arm compared with 
the metformin arm (19% versus 1% reduction; P = 0.002).55  

The smaller retrospective cohort study of 1,271 patients in the US (Baylor Health Care 
System, Dallas, TX and Christiana Care Health System, Newark, DE) evaluated nephropathy 
defined as new albuminuria or new estimated glomerular filtration rate (eGFR) rate below 60 
mL/min/1.73 m2and found no significant difference between metformin users and 
thiazolidinedione users for either outcome (adjusted HR, 1.00 and 1.04 for thiazolidinedione 
versus metformin) with median followup of 2.8 to 3.2 years.237 

The large, although short, retrospective cohort study from the Veterans Health 
Administration (N=93,577) with median follow up of 0.7 to 0.9 years also found no significant 
difference in nephropathy for thiazolidinedione versus metformin users. The adjusted HR for the 
composite outcome of a GFR event (persistent decline of 25% or greater from baseline eGFR) or 
end-stage renal disease (eGFR less than 15 mL/min/1.73 m2or first inpatient or outpatient code 
for dialysis or related procedures or renal transplant) was 0.92 (95% CI, 0.71 to 1.18).236 (SOE: 
Insufficient; Unable to determine) 

Metformin Versus Sulfonylureas 
One small (N=51) 3-month RCT reported that microalbuminuria decreased significantly with 

metformin (P = 0.008) and increased non-significantly with glibenclamide (P = 0.09). GFR was 
stable in the metformin arm (P = 0.46) and increased in the sulfonylurea arm (P = 0.04).238 The 
study did not provide statistical comparisons between groups. 

Three retrospective cohort studies in the US suggested a decreased risk of nephropathy 
among metformin versus sulfonylurea users (Table 45).236, 237, 239 Two of the studies were from 
the Veterans Health Administration, and it is not clear if the study populations overlapped.236, 239 
(SOE: Low; Metformin favored) 
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Table 45. Retrospective cohort studies comparing metformin with sulfonylureas on nephropathy 
Author, year Population Followup Outcome Definition HR (95% CI) 

Hung, 2013239 Veterans Health 
Administration VA 
Mid-South VISN 9 
Data Warehouse 
(N=13,238) 
Incident medication 
users 

Approximately 1 
year 

Composite of GFR 
event or ESRD* 

All: 0.85 (0.72 to 1.01) 
 
Urine protein measures 
at baseline: 0.78 (0.64 to 
0.97) 
 
Reference = sulfonylurea 

Hung, 2012236 Veterans Health 
Administration 
N=93,577 
Did not appear to 
exclude incident 
users 

0.7 to 0.9 years 
(median) 

Composite of GFR 
event or ESRD* 

1.2 (1.13 to 1.28) 
 
Reference = metformin 

Masica, 2013237 1,271 participants 
from an electronic 
health record 
database in the US 
(Baylor Health Care 
System, Dallas, TX) 
and Christiana Care 
Health System, 
Newark, DE) 

Median follow 
up of 2.8 to 3.2 
years 

Microalbuminuria or 
worse 

Urine protein measures 
available: 1.27 (0.93 to 
1.74) 
 
Reference = metformin 

   eGFR ≥60 
ml/min/1.73m2 at first 
measurement and an 
eGFR <60 
ml/min/1.73m2 during 
follow-up 

eGFR available: 1.41 
(1.05 to 1.91) 
 
Reference = metformin 

CI = confidence interval; eGFR = estimated glomerular filtration rate; ESRD = end-stage renal disease; HR = hazard ratio; 
ml/min/1.73m2 = milliliters per minute per 1.73 meters squared; VA = Veterans Affairs; VISN = Veterans Integrated Service 
Network 
* GFR event= persistent 25% or greater decline from the baseline eGFR; ESRD: eGFR <15 mL/minute/1.73m2 or first code for 
dialysis or related procedure or renal transplant 

Thiazolidinediones Versus Sulfonylureas 
Five small RCTs provided mixed results on the effect of thiazolidinediones and sulfonylureas 

on nephropathy outcomes, and all studies reported on albuminuria as the outcome.44, 142-144, 148 
Four trials found less albuminuria in patients receiving pioglitazone compared with a 
sulfonylurea;44, 142, 143, 148 only one reported a significant difference.142  

One trial compared rosiglitazone and glyburide at 12 months and found no statistically 
significant difference in the urinary albumin-to-creatinine ratio, and progression to 
microalbuminuria did not differ between groups.144 

A retrospective cohort study using a small US database reported a non-significant increased 
risk of nephropathy (incident albuminuria) among sulfonylurea versus thiazolidinedione users 
who had a measure of urine protein (adjusted HR, 1.27; 95% CI, 0.93 to 1.74).237 (SOE: Low; 
Thiazolidinediones favored) 

Sulfonylureas Versus DPP-4 Inhibitors 
A single RCT analyzed changes in eGFR and urine albumin-to-creatinine ratio from baseline 

among 277 participants randomized to glipizide or sitagliptin and reported small, similar changes 
from baseline over 54 weeks. The eGFR decreased slightly in both arms (-3.3 to -3.9 
ml/min/1.73m2 for glipizide and sitagliptin, respectively) and urine albumin-to-creatinine ratio 
increased slightly in both arms (0.1 and 0.06 for glipizide and sitagliptin, respectively).152 Of 
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note, approximately 20% of participants were lost to followup in each arm (423 participants 
originally randomized), and the investigators did not conduct an intention-to-treat analysis, 
thereby limiting conclusions.152 (SOE: Low; Neither favored) 

Sulfonylureas Versus GLP-1 Agonists 
A single RCT (N=745) reported similar cumulative incidences of 6%, 5% and 5% of “renal 

and urinary disorders” at 104 weeks in those randomized to glimepiride 8 mg, liraglutide 1.2 mg, 
and liraglutide 1.8 mg.158 (SOE: Low; Neither favored) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

Two RCTs compared metformin plus rosiglitazone with metformin plus a sulfonylurea. 
Evaluation of the urine albumin-to-creatinine ratio favored the combination of metformin plus 
rosiglitazone.162, 167 One small RCT (N=34) with 48 weeks of followup reported a negligible 
decrease in urine albumin-to-creatinine ratio in the metformin plus thiazolidinedione arm (-0.77 
mg/g) and a small increase (12.23 mg/g) in the metformin plus sulfonylurea arm.167 The larger 
trial (N=389) reported a greater, although non-significant, reduction in the urine albumin-to-
creatinine ratio with the combination of metformin plus a thiazolidinedione versus metformin 
plus a sulfonylurea arm at 32 weeks.162  

The smaller RCT also reported a negligible decrease in eGFR in the metformin plus 
thiazolidinedione arm (-1.48 ml/min/1.73m2) and an increase in eGFR in the metformin plus 
sulfonylurea group (9.97 ml/min/1.73m2); the study did not provide a statistical comparison of 
the between-group difference.167 This very small trial reported more than 20% losses to followup 
across arms and did not use an intention-to-treat analysis for nephropathy.167 (SOE: Low; 
Combination of metformin plus a thiazolidinedione favored) 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

A single RCT (N=514) with 26 weeks of followup reported on percent change in urine 
albumin-to-creatinine ratio for the combination of metformin plus pioglitazone and the 
combination of metformin plus sitagliptin and found similar changes from baseline in both arms: 
-4% (95% CI, -17% to 12.1%) for metformin plus pioglitazone and -6.9% (95% CI, -20 to 
unclear but greater than 0) for metformin plus sitagliptin.173 This study had 13% and 21% losses 
to followup in the sitagliptin- and pioglitazone-based arms, respectively, and did not use an 
intention-to-treat analysis for this outcome.173 (SOE: Low; Neither treatment favored) 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

A single RCT (N=514) with 26 weeks of followup reported on percent change in urine 
albumin-to-creatinine ratio for the combination of metformin plus pioglitazone and the 
combination of metformin plus exenatide and found a reduction in urine albumin-to-creatinine 
from baseline for the metformin plus exenatide arm and no change for the metformin plus 
pioglitazone arm: -4% (95% CI, -17% to 12%) for metformin plus pioglitazone and -16% (95% 
CI, -28% to -2%) for metformin plus exenatide.173 This study had approximately 20% losses to 

140 



followup both arms and did not use an intention-to-treat analysis for this outcome.173 (SOE: 
Low; Combination of metformin plus a GLP-1 agonist favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

A small RCT conducted in 42 participants with baseline microalbuminuria compared change 
in 24-hour urine albumin over 16 weeks for metformin plus sub-maximally dosed glimepiride 
and metformin plus exenatide and reported a significant reduction in urine albumin in the 
metformin plus exenatide arm (-42 mg/day; P for change for baseline <0.01) compared to the 
metformin plus glimepiride arm (5 mg/day; P for change from baseline >0.05; calculated 
between group difference, -37 mg/day; P for between-group difference <0.001).184 This small 
study had more than 20% losses to followup across arms and did not use an intention-to-treat 
analysis.184 (SOE: Low; Combination of metformin plus a GLP-1 agonist favored) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

A single RCT (N=514) with 26 weeks of followup reported on percent change in urine 
albumin-to-creatinine ratio for the combination of metformin plus sitagliptin and the 
combination of metformin plus exenatide. The trial found a reduction in urine albumin-to-
creatinine from baseline for the metformin plus exenatide arm (-16%; 95% CI, -28 to -2%) but 
not for the metformin plus sitagliptin arm (-6.9%; 95% CI, -20 to unclear but greater than 0).173 
This study had approximately 20% losses to followup in both arms and did not use an intention-
to-treat analysis for this outcome.173 (SOE: Low; Combination of metformin plus a GLP-1 
agonist favored) 

Strength of Evidence for Nephropathy 
We found low or insufficient strength of evidence on nephropathy outcomes for all 

comparisons of interest as described in the Key Points, and Table 46 and Table 47.  
The evidence on nephropathy was limited by the lack of studies. For RCTs, major study 

limitations included small sample sizes and high rates of withdrawals (>20%), without use of an 
intention-to-treat approach. We could usually not determine consistency because of a lack of 
studies, and the evidence on all comparisons was imprecise due to insufficient sample size. We 
did not detect reporting bias. However, the small number of studies limited our ability to assess 
publication bias. Many of the studies did not provide measures of dispersion for nephropathy 
outcomes, but we did not believe that this was actually a source of selective analysis reporting 
bias as much as a reflection of a lack of a focus on reporting of these outcomes given that they 
were not primary outcomes. 
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Table 46. Strength of evidence domains for monotherapy comparisons in terms of nephropathy among adults with type 2 diabetes 
Comparison* Number of 

Studies 
(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. TZD RCT: 1 (1194) 
 
Observational: 
2 (94,848) 

Low  
 
Medium  

Unknown 
 
Inconsistent 

Direct 
 
Direct 

Precise 
 
Imprecise 

Undetected 
 
N/A 

Insufficient Unable to determine 

Metformin vs. SU RCT: 1 (51) 
 
Observational: 
3 (108,356) 

High  
 
Medium  

Unknown 
 
Consistent 

Indirect 
 
Direct 

Imprecise 
 
Precise 

Undetected 
 
N/A 

Low Metformin favored 

TZD vs. SU RCTs: 5 (375) 
 
Observational: 
2 (1271) 

High  
 
Medium  

Consistent 
 
Unknown 

Direct 
 
Direct 

Imprecise 
 
Imprecise 

Undetected 
 
N/A 

Low TZD favored 

SU vs. DPP-4 inhibitors RCT: 1 (423) High  Unknown Indirect Imprecise Undetected Low Neither treatment 
favored 

SU vs. GLP-1 agonists RCT: 1 (746) Medium  Unknown Indirect Imprecise Undetected Low Neither treatment 
favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; N/A = not applicable; RCT = randomized controlled trial; SGLT-2 
inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. Studies of comparisons including an SGLT-2 inhibitor are graded in the section on renal insufficiency in this report. 
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Table 47. Strength of evidence domains for metformin-based combination comparisons in terms of nephropathy among adults with type 
2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + TZD vs. 
metformin + SU 

RCT: 2 
(433) 

High  Consistent Direct Imprecise Undetected Low Metformin + TZD 
favored 

Metformin + TZD vs. 
metformin + DPP-4 

RCT: 1 
(514) 

High  Unknown Direct Imprecise Undetected Low Neither treatment 
favored 

Metformin + TZD vs. 
metformin + GLP-1 
agonist 

RCT: 1 
(514) 

High  Unknown Direct Imprecise Undetected Low Metformin + GLP-1 
favored 

Metformin + SU vs. 
metformin + GLP-1 
agonist 

RCT: 1 (42) High  Unknown Direct Imprecise Undetected Low Metformin + GLP-1 
favored 

Metformin + DPP-4 
inhibitor vs. metformin + 
GLP-1 agonist 

RCT: 1 
(514) 

High  Unknown Direct Imprecise Undetected Low Metformin + GLP-1 
favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; RCT = randomized controlled trial; SGLT-2 inhibitors = sodium-glucose 
co-transporter 2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. Studies of comparisons including an SGLT-2 inhibitor are graded in the section on renal insufficiency in this report. 
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The Evidence About Neuropathy 
For the neuropathy analyses, we included studies where newly developed neuropathy was 

reported for each treatment group. Four short trials reported on neuropathy as an adverse 
outcome.90, 111, 123, 168  

Monotherapy Comparisons 

Metformin Versus DPP-4 Inhibitors 
A single RCT compared the effects of metformin with alogliptin on undefined neuropathy. 

At 26 weeks of followup, one participant developed unspecified neuropathy in each of the 
alogliptin arms [12.5 mg (n=213) and 25 mg (n=210) arms]); neuropathy was not reported on in 
the metformin arm.123 (SOE: Insufficient; Unable to determine effect) 

Metformin Versus a Combination of Metformin Plus a Thiazolidinedione 
In a single RCT of 26 weeks duration, one withdrawal due to undefined neuropathy occurred 

in the metformin arm (n=34); no events were reported on in the two metformin plus rosiglitazone 
arms (n=35 and n=36).90 (SOE: Insufficient; Unable to determine effect) 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
One RCT reported the occurrence of undefined diabetic neuropathy as 2.1% among 

participants in the metformin arm (n=94) and 4.2% in the metformin plus sitagliptin arm (n=96) 
at 30 weeks.111 (SOE: Low; Metformin favored) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

In a 6-month trial, neuropathy was described but was not a pre-specified outcome.168 One of 
103 participants in the metformin plus thiazolidinedione arm developed neuropathy, and none of 
the 80 participants in the metformin plus sulfonylurea arm developed neuropathy.168 (SOE: Low; 
Neither favored) 

Strength of Evidence for Neuropathy 
The evidence grading for neuropathy is summarized in Table 48 and Table 49. 
 

144 



Table 48. Strength of evidence domains for monotherapy comparisons in terms of neuropathy among adults with type 2 diabetes 
Comparison* Number of 

Studies 
(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. DPP-4 
inhibitors 

RCT: 1 
(527) 

Low  Unknown Direct Imprecise Undetected Insufficient Unable to determine 
 
Results not reported 
for all arms 

Metformin vs. metformin + 
TZD 

RCT: 1 
(105) 

Medium  Unknown Direct Imprecise Undetected Insufficient Unable to determine 
 
Results not reported 
for all arms 

Metformin vs. metformin + 
DPP-4 inhibitor 

RCT: 1 
(190) 

High  Unknown Direct Imprecise Undetected Low Metformin favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 

Table 49. Strength of evidence domains for metformin-based combination comparisons in terms of neuropathy among adults with type 
2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + TZD vs. 
metformin + SU 

RCT: 1 
(183) 

High  Unknown Indirect Imprecise Undetected Low Neither treatment 
favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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Key Question 3a and 3b: Safety 

Study Design and Population Characteristics 
We included 189 studies describing adverse effects for the comparisons of interest (Appendix 

D, Tables 10 to 13). We included 101 articles from our prior 2011 review16 and identified an 
additional 88 studies for this update. Four of the newly included studies were updates of earlier 
studies.77, 79, 158, 180 The majority were RCTs (85 from the previous report, 83 more for the 
update). Few studies were designed explicitly to evaluate adverse events; of the 22 studies 
designed to evaluate the adverse events specified in Key Question 3, most focused on cancer,240-

242 renal toxicity236, 239 and general safety and tolerability.243-246 Thirty-seven of 83 (45%) RCTs 
did not report on the use of rescue therapy; rescue therapy was allowed in 31 studies (37%) and 
was not allowed in 14 studies (18%).  

The mean age of participants ranged from approximately 40 years to 81 years, with the 
majority of studies reporting a mean age in the upper 50’s. Participants were about 50% female. 
Sixty-nine studies did not report race or ethnicity. In the studies that reported race, the majority 
of the participants were Caucasians. No study included more than 25% African American 
participants; two studies included more than 70% Hispanic participants;90, 171 and six studies 
included more than 70% Asian participants.67, 84, 124, 154, 240 5251, 247 

Risk of Bias 
We included 189 trials in this section. All of the trials were described as randomized (Figure 

55). Fifty-six percent described their randomization scheme and another 71 percent were 
described as being double-blinded. Thirty-eight percent of all double-blinded RCTs also 
described the steps taken to ensure blinding. The majority of trials (89 percent) described the 
withdrawals and dropouts. 

Of the eight observational studies included in this section, 100 percent reported 
characteristics of subjects and tests of interest. All studies reported actual probability values and 
also described their measurement of the outcomes of interest. All studies described and adjusted 
for confounding factors and conducted statistical analyses. Eighty-six percent of studies 
described the number of participants who were lost to follow-up after the start of the period of 
observation.  
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Figure 55. Summary of the risk of bias of randomized controlled trials evaluating safety 

 

Key Points and Evidence Grades 

Hypoglycemia 

Mild, Moderate, or Total Hypoglycemia 
Unless otherwise noted, results on hypoglycemia refer to the number of participants 

experiencing hypoglycemia and not the number of events. 
• Metformin monotherapy was favored over the following (SOE: High):  

o Sulfonylurea monotherapy for mild-moderate hypoglycemia (pooled OR for 
sulfonylurea versus metformin, 4.00; 95% CI, 1.75 to 9.83) 

o The combination of metformin plus a thiazolidinedione (pooled OR for metformin 
plus a thiazolidinedione versus metformin monotherapy, 1.56; 95% CI, 0.99 to 2.44)  

o The combination of metformin plus a sulfonylurea (pooled OR, 5.02; 95% CI, 2.36 to 
15.0).  

• The risks of mild-moderate and total hypoglycemia were similar for metformin 
monotherapy and the combination of metformin plus a DPP-4 inhibitor (SOE: High). 
o Pooled OR for metformin plus a DPP-4 inhibitor versus metformin monotherapy: 

 Mild-moderate hypoglycemia: 0.97; 95% CI, 0.63 to 1.51 
 Total hypoglycemia: 0.92; 95% CI, 0.43 to 1.97 

• Hypoglycemia risk was higher for the combination of metformin plus an SGLT-2 
inhibitor compared with metformin monotherapy (pooled OR, 1.62; 95% CI, 0.75 to 
3.49). (SOE: Moderate) 

• Sulfonylurea monotherapy increased risk of total hypoglycemia compared with 
thiazolidinedione monotherapy (pooled OR 6.31; 95% CI, 4.08 to 9.76). (SOE: High) 

• SGLT-2 inhibitor monotherapy was associated with lower risk of hypoglycemia 
compared with metformin monotherapy (pooled OR, 0.46; 95% CI, 0.16 to 1.30). This 
did not reach statistical significance due to the low absolute event rate. (SOE: Moderate) 
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• DPP-4 inhibitor monotherapy was favored over sulfonylurea monotherapy (range of 
relative risks, 0.096 to 0.50 from individual studies for sulfonylurea versus DPP-4 
inhibitor monotherapy). (SOE: Moderate) 

• Mild-moderate hypoglycemia was approximately 2.5 times more common with 
sulfonylurea monotherapy than with GLP-1 agonist monotherapy. (SOE: Moderate) 

• When compared with metformin plus a sulfonylurea, metformin plus an SGLT-2 
inhibitor had 93% less risk of mild or moderate hypoglycemia. (SOE: High) 

• When compared with metformin plus sulfonylurea, several combinations had 70% to 
90% less risk of mild, moderate or total hypoglycemia: metformin plus a 
thiazolidinedione, metformin plus a DPP-4 inhibitor, and metformin plus a GLP-1 
agonist. (SOE: High or Moderate for all comparisons) 

• When compared with metformin plus basal insulin, metformin plus a GLP-1 agonist had 
between 35% and 88% less risk of mild or moderate hypoglycemia risk. (SOE: Moderate) 

• Moderate grade evidence showed a 6% to 30% lower risk of hypoglycemia when 
metformin is combined with a basal insulin rather than a premixed insulin.  

Severe Hypoglycemia 
• Only the sulfonylurea comparisons convincingly demonstrated about a 1.5 times higher 

risk of severe hypoglycemia in the sulfonylurea arms compared with nonsulfonylurea 
medications: sulfonylurea versus metformin, sulfonylurea versus thiazolidinediones, 
metformin plus sulfonylurea versus metformin plus SGLT-2 inhibitors, and metformin 
plus sulfonylurea versus metformin plus DPP-4 inhibitors. (SOE: Moderate or High) 

• Only two comparisons had sufficient evidence to show no between-group differences in 
severe hypoglycemia: the combination of metformin plus thiazolidinediones versus 
metformin plus DPP-4 inhibitors and metformin monotherapy versus metformin plus a 
DPP-4 inhibitor. (SOE: Moderate) 

Gastrointestinal Side Effects 
• Gastrointestinal (GI)-related adverse events are more common with:  

o Metformin than with DPP-4 inhibitors (OR 2.6 and 2.7 for nausea and diarrhea 
favoring DPP-4 inhibitors). (SOE: High) 

o Metformin than thiazolidinediones (between 1.3 to 3.3 fold higher risk). (SOE: 
Moderate) 

o Metformin than sulfonylureas (between 1.8 to 2.4 fold higher risk). (SOE: Moderate) 
• GI-related adverse events are equally common with: 

o Thiazolidinediones and sulfonylureas (SOE: High) 
o Metformin and GLP-1 agonists for diarrhea; however metformin is favored over 

GLP-1 agonists for nausea and vomiting which had 1.5 times increased odds with 
GLP-1 agonists (SOE: Moderate) 

• GI-related adverse events are more common by about 2-fold with: 
o Metformin plus a GLP-1 agonist than metformin plus a DPP-4 inhibitor (SOE: 

Moderate) 
o Metformin plus a GLP-1 agonist than metformin plus a thiazolidinedione (SOE: 

Moderate) 
• GI-related adverse events are equally common with: 
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o Metformin monotherapy and metformin plus a DPP-4 inhibitor (SOE: Low for any 
GI-related adverse event; Moderate for nausea; High for diarrhea)  

o Metformin plus a sulfonylurea and metformin plus a DPP-4 inhibitor (SOE: High) 
o Metformin monotherapy and combination therapy with metformin plus a SGLT-2 

inhibitor (diarrhea) (SOE: Moderate) 
o Metformin plus a thiazolidinedione and metformin plus a sulfonylurea (SOE: 

Moderate) 

Cancer 
• Type of cancer was not designated a priori in most of the studies reporting on cancer; 

thus the following conclusions apply to any cancer unless specified.  
• Even though the FDA has issued warnings regarding increased bladder cancer risk with 

pioglitazone, we found low or insufficient strength of evidence on TZD-based 
comparisons and cancer outcomes. 

• Despite FDA warnings of a possible increased risk of thyroid cancer with GLP-1 
agonists, we found low or insufficient evidence on GLP-1 agonist-based comparisons and 
cancer outcomes. 

Congestive Heart Failure 
• Thiazolidinediones alone increase the risk of heart failure by 1.4 fold when compared 

with sulfonylureas or metformin. (SOE: Low) 

Pancreatitis 
• Rates of pancreatitis were similar between metformin and the combination of metformin 

plus a DPP-4 inhibitor. (SOE: Moderate) 
• Despite FDA warnings regarding an increased risk of pancreatitis with GLP-1 agonists 

and DPP-4 inhibitors, we found low or insufficient evidence on the comparative safety of 
these drug classes for this outcome. 

Urinary Tract Infections (For Comparisons That Include SGLT-2 
Inhibitors) 

• The rates of UTIs were similar between metformin and SGLT-2 inhibitors. (SOE: 
Moderate)  

• The rates of UTIs were similar between metformin plus SGLT-2 inhibitors compared 
with metformin alone (SOE: High) or in combination with a sulfonylurea. (SOE: 
Moderate)  

Genital Mycotic Infections (For Comparisons That Include SGLT-2 
Inhibitors) 

• The rates of genital mycotic infections were higher with SGLT-2 inhibitors compared 
with metformin alone (pooled OR, 4.1; 95% CI, 2.0 to 8.3) or the combination of 
metformin and DPP-4 inhibitors. (SOE: Moderate) 

• The rates of genital mycotic infections were higher with metformin plus SGLT-2 
inhibitors compared with metformin alone (pooled OR, 3.0; 95% CI, 1.22 to 7.2 for 
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females and pooled OR, 2.7; 95% CI, 0.8 to 9.0 for males) or in combination with 
sulfonylureas (pooled OR, 6.1; 95% CI, 4.0 to 9.2). (SOE: High) 

Other Serious Adverse Events 
• There was no moderate or high strength of evidence for the following adverse events: 

Liver Injury, Lactic Acidosis, Severe Allergic Reactions, Macular Edema/Decreased 
Vision, Impaired Renal Function (For SGLT-2 inhibitors), Fractures (For SGLT-2 
inhibitors), and Volume Depletion (For SGLT-2 inhibitors). Therefore, we were unable to 
draw any firm conclusions regarding the diabetes medication comparisons and these 
safety outcomes. 

The Evidence About Hypoglycemia 

Monotherapy Comparisons 

Metformin Versus Thiazolidinediones 
Five RCTs addressed hypoglycemia for metformin versus thiazolidinediones finding no 

consistent differences in hypoglycemia by arm (Table 50).45, 63, 64, 66, 67 We were unable to 
conduct a meta-analysis because of differences in the definitions of hypoglycemia and lengths of 
followup. (SOE: Low; Metformin favored for mild, moderate, or total hypoglycemia) (SOE: 
Low; Neither favored for severe hypoglycemia) 

Table 50. Randomized controlled trials comparing metformin with thiazolidinediones on 
hypoglycemia 

Author, year Followup Metformin 
(dose*) 

TZD (dose*) Definition of 
hypoglycemia 

Results† (Metformin vs 
TZD) 

Kahn, 200645 4 years Metformin (max 
2000 mg) 

Rosiglitazone 
(max 8 mg) 

Total (self-
reported) 

168/1454 (11.6%) vs 
142/1456 (9.8%) 

Yoon, 201167 48 weeks Metformin (max 
2000 mg; mean 
1234.2 mg) 

Rosiglitazone 
(max 8 mg; 
mean 5.9 mg) 

Total (signs or 
symptoms) 

4/114 (3.5%) vs 8/117 
(6.8%)  

Erem, 201463 48 weeks Metformin (max 
2000 mg) 

Pioglitazone 
(max 45 mg) 

Total (not 
specified) 

0/19 (0%) vs 0/19 (0%) 
 

Russell-Jones, 
201266 

26 weeks Metformin (max 
2500 mg) 

Pioglitazone 
(max 45 mg) 

Severe‡ 
 
 
Total (signs or 
symptoms) 

0/246 (0%) vs 0/163 
(0%) 
 
10/246 (4.1%) vs 6/163 
(3.7%) 

Genovese, 
201364 

16 weeks Metformin (max 
2550 mg) 

Pioglitazone 
(max 45 mg) 

Total (not 
specified) 

0 episodes among 26 
patients vs 4 episodes 
among 24 patients 

Max = maximum; mg = milligram; TZD = thiazolidinedione 
* All doses were titrated, unless otherwise stated. 
† Results are presented as n/N (%) unless otherwise stated. 
‡ Severe hypoglycemia was defined as symptoms resulting in loss of consciousness or seizure that showed prompt recovery after 
glucose administration, or documented blood glucose less than 3.0 mmol/L that required the assistance of another person because 
of severe impairment in consciousness. 

Metformin Versus Sulfonylureas 
Fifteen studies addressed this comparison (14 RCTs and one observational study).45, 53, 67, 98, 

100-103, 105-107, 214, 248-250 Meta-analysis of the 10 RCTs deemed sufficiently homogeneous for 
quantitative synthesis showed a significantly increased risk of mild to moderate hypoglycemia 
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for sulfonylureas versus metformin (pooled OR, 4.07; 95% CI, 1.73 to 9.58). Omission of Garber 
200398 most affected the point estimate of the random-effects meta-analysis, presumably 
reflecting the precision of its estimate. 

We found evidence of high statistical heterogeneity (I-squared of 67%); a meta-regression 
did not find significant influence of study characteristics on the estimate. The profile likelihood 
method yielded a similar result (pooled OR for sulfonylurea versus metformin, 4.00; 95% CI, 
1.75 to 9.83) (Figure 56). Exclusion of any one study did not change this inference.  

We did not include seven studies in the meta-analysis because of differences in 
hypoglycemia definitions,103, 214 in study duration,45, 249 in how hypoglycemic events were 
reported,249 and in study design.250 There were also two studies that were excluded due to no 
events in either arm.107, 248 Results of the studies not included in the meta-analyses were 
generally consistent with the findings of the meta-analysis (Table 51). (SOE: High; Metformin 
favored for mild, moderate, or total hypoglycemia) (SOE: Moderate; Metformin favored for 
severe hypoglycemia) 

Figure 56. Pooled odds ratio of mild or moderate hypoglycemia comparing metformin with 
sulfonylureas 

 
CI = confidence interval; Group 1 = metformin; Group 2 = sulfonylureas; OR = odds ratio; pl = profile likelihood estimate 
Boxes indicate individual study point estimates. The width of the horizontal lines represents the 95 percent confidence intervals 
for each study. The line at the bottom of the graph indicates the 95 percent confidence interval for the profile likelihood pooled 
estimate. 
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Table 51. Additional studies comparing metformin with sulfonylureas on hypoglycemia 
Author, year 
Study design 

Followup Metformin 
(dose*) 

SU (dose*) Definition of 
hypoglycemia 

Results† (Metformin vs 
SU) 

Hong, 2013214 
RCT 

36 months Metformin 
(max 1500 
mg; mean 
1400 mg) 

Glipizide 
(max 30 mg; 
mean 28.3 
mg) 

Severe (required 
assistance and/or PG 
< 56 mg/dL [3.1 
mmol/L]) 

3/156 (1.9%) vs 4/148 
(2.7%) 

Hermann, 
1994103 
RCT 

24 weeks Metformin 
(max 3000 
mg) 

Glyburide 
(max 14 mg) 

Severe (based on 
clinical findings or 
available BG) 

8/38 (21.1%) vs 12/34 
(35.3%); P = 0.18 

Derosa, 
2004248 
RCT 

48 weeks Metformin 
(max 3000 
mg) 

Glimepiride 
(max 4 mg) 

Mild-moderate (not 
specified) 

0/75 (0%) vs 0/73 (0%) 

Chien, 2007107 
RCT 

16 weeks Metformin 
(max 2000 
mg; mean 
1910 mg) 

Glyburide 
(max 20 mg; 
mean 19 mg) 

Mild-moderate 
(symptomatic or BG 
< 60 mg/dL) 

0/25 (0%) vs 0/23 (0%) 

Kahn, 200645 
RCT 

4 years Metformin 
(max 2000 
mg) 

Glyburide 
(max 15 mg) 

Total (self-reported) 168/1454 (11.6%) vs 
557/1441 (38.7%) 

Wright, 2006249 
RCT 

6 years Metformin 
(max 2550 
mg) 

Glyburide 
(max 20 mg) 

Mild to severe (not 
just transient 
symptoms) 

Mean annual 
percentage 0.3% 
among 290 patients vs 
1.2% among 1418 
patients 

Weir, 2011250 
Retrospective 
cohort 

3 months Metformin 
(NR) 

Glyburide 
(NR) 

Total (presented to 
an emergency room 
or hospital with an 
admission diagnosis 
of hypoglycemia) 

Among patients with 
normal renal function 
27/572 (4.7%) vs 
53/193 (27.5%)  
 
Among patients with 
impaired renal function 
29/580 (5.0%) vs 
109/444 (24.5%) 

BG = blood glucose; max = maximum; mg = milligrams; mg/dL = milligrams per deciliter; mmol/L = millimoles per liter; PG = 
plasma glucose; RCT = randomized controlled trial; SU = sulfonylurea 
* All doses were titrated, unless otherwise stated. 
† Results are presented as n/N (%) unless otherwise stated. 

Metformin Versus DPP-4 Inhibitors 
Six RCTs (reported in seven publications) compared metformin with DPP-4 inhibitors and 

reported on hypoglycemia.66, 74-79 
Meta-analysis of the short-term, sufficiently-homogeneous RCTs favored DPP-4 inhibitors 

over metformin for symptomatic hypoglycemia (pooled OR, 0.52; 95% CI, 0.30 to 0.90) (Figure 
57).66, 74, 75 Consistent with these findings, longer-term followup from two studies also revealed 
less hypoglycemia in the DPP-4 inhibitor arms compared with the metformin arms.77, 79 Of note, 
differences in hypoglycemia rates across the arms were not as clear when the definition of 
hypoglycemia required biochemical confirmation.66, 76 

Rates of severe hypoglycemia were low in the studies reporting on this. Of four short RCTs 
(24 to 26 weeks), two reported no severe hypoglycemia in either arm.66, 76 One study reported a 
single event in the metformin arm and none in the DPP-4 inhibitor arm,78 and the other study 
reported two events in the DPP-4 inhibitor arm and did not report on severe hypoglycemia in the 
metformin arm.74 Of two RCTs with long-term followup (76 to 104 weeks), one reported no 
severe hypoglycemia events,79 and the other reported three events of severe hypoglycemia in the 
metformin monotherapy arms (n=2 for metformin 1000 mg and n=1 for metformin 2000 mg 
daily) and none in the DPP-4 inhibitor arm.77 
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Three of the six RCTs did not use an intention-to-treat approach, and withdrawals were high 
in all three of these studies75-77 with two excluding data from persons initiating rescue therapy.75, 

76 (SOE: Low; DPP-4 inhibitors favored for mild, moderate, or total hypoglycemia) (SOE: Low; 
Neither favored for severe hypoglycemia) 

Figure 57. Pooled odds ratio of symptomatic hypoglycemia comparing metformin with DPP-4 
inhibitors 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = dipeptidyl peptidase-4; OR = odds 
ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus SGLT-2 Inhibitors 
Four RCTs (reported in three articles) compared metformin with SGLT-2 inhibitors and 

reported on total hypoglycemia.80, 81, 227 The meta-analysis favored SGLT-2 inhibitors versus 
metformin for any hypoglycemia although the combined result was not statistically significant 
(Figure 58). 

In a 2013 RCT, Ferrannini et al.,82 an extension of one of the included studies227 with 78 
weeks of followup, found slightly higher rates of hypoglycemia in the metformin (3.6%) versus 
empagliflozin arms (10 mg, 0.9%; 25 mg, 1.8%); we did not include this study in the meta-
analysis because of its longer duration. 

Two studies reported no events of severe hypoglycemia.80 (SOE: Moderate; SGLT-2 
inhibitors favored for mild, moderate, or total hypoglycemia) (SOE: Low; Neither favored for 
severe hypoglycemia) 
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Figure 58. Pooled odds ratio of any hypoglycemia comparing metformin with SGLT-2 inhibitors 

 
CI = confidence interval; Group 1 = metformin; Group 2 = sodium-glucose co-transporter-2; OR = odds ratio; SGLT-2 = sodium-
glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus GLP-1 Agonists 
Three RCTs compared metformin with GLP-1 agonists (duration 26 to 52 weeks) (Table 

52).66, 83, 84 For mild hypoglycemia, there appeared to be more patients with events in the GLP-1 
agonist arm than the metformin arm. No study reported severe hypoglycemia events. For total 
hypoglycemia, one study83 reported comparable proportions of patients with that outcome in the 
two arms. Some of the heterogeneity may be due to dosing differences across studies. (SOE: 
Low; Metformin favored for mild, moderate, or total hypoglycemia) (SOE: Low; Neither favored 
for severe hypoglycemia) 
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Table 52. Randomized controlled trials comparing metformin with GLP-1 agonists on 
hypoglycemia 
Author, year Followup 

(weeks) 
Metformin 

(dose*) 
GLP-1 

agonist 
(dose*) 

Definition of 
hypoglycemia 

Results† (Metformin vs 
GLP-1 agonist) 

Russell-Jones, 
201266 

26 Metformin 
(max 2500 
mg) 

Exenatide 
(fixed at 2.0 
mg weekly) 

Mild-moderate (signs 
or symptoms 
associated with BG < 
3.0 mmol/L (either self-
treated or resolved 
independently)) 
 
Severe‡ 
 
 
Total (signs or 
symptoms) 

0/246 (0%) vs 5/248 
(2.0%) 
 
 
 
 
 
0/246 (0%) vs 0/248 
(0%) 
 
10/246 (4.1%) vs 13/248 
(5.2%) 

Umpierrez, 
201483 

52 Metformin 
(max 2000 
mg or ≥ 1500 
mg 
depending 
on 
tolerability), 
268 

Dulaglutide 
(fixed at 0.75 
mg weekly) 

Total (signs or 
symptoms and/or PG ≤ 
70 mg/dL [3.9 mmol/L]) 
 
Severe (required third 
party assistance) 

34/268 (12.7%) vs 
30/270 (11.1%) 
 
 
0/268 (0%) vs 0/270 
(0%) 

Umpierrez, 
201483 

52 Metformin 
(max 2000 
mg or ≥ 1500 
mg 
depending 
on 
tolerability), 
268 

Dulaglutide 
(fixed at 1.5 
mg weekly) 

Total (signs or 
symptoms and/or PG ≤ 
70 mg/dL [3.9 mmol/L]) 
 
Severe (required third 
party assistance) 

34/268 (12.7%) vs 
33/269 (12.3%) 
 
 
0/268 (0%) vs 0/269 
(0%) 

Yuan, 201284 26 Metformin 
(max 2000 
mg), 26 

Exenatide 
(max 2.0 
mg), 33 

Mild (not specified) 
 
 
Severe (required third 
party assistance or 
hospital treatment) 

1/26 (3.8%) vs 4/33 
(12.1%) 
 
0/26 (0%) vs 0/33 (0%) 

BG = blood glucose; GLP-1 = glucagon-like peptide-1; max = maximum; mg = milligrams; mg/dL = milligram per deciliter; 
mmol/L = millimole per liter; PG = plasma glucose 
* All doses were titrated, unless otherwise stated. 
† Results are presented as n/N (%) unless otherwise stated. 
‡ Severe hypoglycemia was defined as symptoms resulting in loss of consciousness or seizure that showed prompt recovery after 
glucose administration, or documented blood glucose less than 3.0 mmol/L that required the assistance of another person because 
of severe impairment in consciousness. 

Metformin Versus a Combination of Metformin Plus a Thiazolidinedione 
More patients experienced hypoglycemia in the combination arm than in the metformin-

alone arm. We combined eight sufficiently-homogeneous RCTs and found increased odds of 
mild or moderate hypoglycemia for metformin plus thiazolidinedione versus metformin alone 
(pooled OR, 1.56; 95% CI, 0.99 to 2.44) (Figure 59).52, 86-89, 91, 92, 234 We did not find evidence of 
statistical heterogeneity.  

We did not include two RCTs in this meta-analysis because of heterogeneity in length of 
followup. One compared metformin (titrated to a maximum of 2000 mg daily) with metformin 
plus rosiglitazone (titrated to a maximum of 8 mg/2000 mg daily) at 80 weeks, and reported 10 
total hypoglycemia events in the metformin-alone arm (3% of patients), and 20 hypoglycemia 
events in the metformin-rosiglitazone arm (6% of patients).96 The other compared metformin 
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(fixed at 1700 mg daily) with metformin and rosiglitazone (fixed at 4 mg/500 mg daily), 
reporting no total hypoglycemia events in either arm at 24 weeks.93 This difference is probably 
attributable to dosing heterogeneity. (SOE: High, Metformin favored for mild, moderate, total 
hypoglycemia) 

Figure 59. Pooled odds ratio of any hypoglycemia comparing metformin with combination of 
metformin plus a thiazolidinedione 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus thiazolidinedione; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a Sulfonylurea 
For this comparison, metformin is favored to metformin plus sulfonylurea for the adverse 

event of mild/moderate hypoglycemia.  
The seven studies reporting mild or moderate hypoglycemia were pooled.97, 98, 100, 101, 105-107 

The estimated odds ratio comparing metformin plus a sulfonylurea with metformin for mild or 
moderate hypoglycemia was 5.21 (95% CI, 2.38 to 11.4), favoring metformin. Exclusion of any 
one study did not change the inference. Due to the significant heterogeneity (I-squared 63.5%) a 
profile-likelihood estimate was also generated (Figure 60). The weighted odds ratio was 5.02 
(95% CI, 2.36 to 15.0), favoring metformin.  

Three RCTs published since the last version of this report were too heterogeneous to be 
pooled due to differences in classification of hypoglycemia.108-110 (Table 53). Additionally, 
Chien was excluded from the meta-analysis due to absence of events in both arms.107 (SOE: 
High; Metformin favored for mild, moderate, or total hypoglycemia) (SOE: Low; Neither 
favored for severe hypoglycemia) 
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Figure 60. Pooled odds ratio of mild or moderate hypoglycemia comparing metformin with 
combination of metformin plus a sulfonylurea 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus sulfonylurea; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Table 53. Additional randomized controlled trials comparing metformin with a combination of 
metformin plus a sulfonylurea on hypoglycemia 
Author, year Followup 

(weeks) 
Metformin 

(dose*) 
SU (dose*) Definition of 

hypoglycemia 
Results† (Metformin vs 

SU) 
Ahren, 2014110 104 Metformin 

(fixed at ≥ 
1500 mg) 

Metformin 
(fixed at ≥ 
1500 mg) + 
glimepiride 
(max 4 mg) 

Mild-moderate 
(Asymptomatic, but PG 
≤ 3.9 mmol/L) 
 
Mild-moderate 
(Symptomatic and PG 
≤ 3.9 mmol/L) 
 
Severe (required third 
party assistance) 

1/101 (1.0%) vs 3/307 
(1.0%) 
 
 
4/101 (4.0%) vs 55/307 
(17.9%) 
 
 
0/101 (0%) vs 0/307 
(0%) 

Kim, 2014109 26 Metformin 
(max 2500 
mg) 

Metformin 
(max 2000 
mg) + 
glimepiride 
(fixed at 1-8 
mg) 

Total (symptomatic) 
 
 
Severe (not specified) 

4/108 (3.7%) vs 39/100 
(0.4%) 
 
0/108 (0%) vs 0/100 
(0%) 

Forst, 2010108 12 Metformin 
(fixed) 

Metformin 
(fixed) + 
glimepiride 
(max 3 mg) 

Total (not specified) 0/71 (0%) vs 3/65 (4.6%) 

max = maximum; mg = milligrams; mmol/L = millimole per liter; PG = plasma glucose; SU = sulfonylurea 
* All doses were titrated, unless otherwise stated. 
† Results are presented as n/N (%) unless otherwise stated. 
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Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
There was little difference between arms in the outcomes of mild, severe, or total 

hypoglycemia in the studies for this comparison. 
We included 25 studies for this comparison (29 publications). Six RCTs were from our prior 

report; two RCTs were published extensions of those prior studies; and we identified 19 
additional studies for this comparison for hypoglycemia.  

Mild Hypoglycemia 
Two long-term (followup >=52 weeks) studies reported on mild hypoglycemia. One reported 

hypoglycemia events in 1% of patients in the metformin arm compared with 1.3% of patients in 
the metformin plus sitagliptin arm.110 The other reported 4.8 events per person-year in the 
metformin arm compared with 0.1 events per person-year in the metformin plus sitagliptin 
arm.128  

Fourteen studies reported on mild hypoglycemia with short-term followup (Figure 61).72, 75, 

76, 78, 87, 111-113, 116, 117, 120, 121, 124, 251 I-squared was 8.3%. The weighted odds ratio for mild or 
moderate hypoglycemia was 0.97 (95% CI, 0.63 to 1.51), favoring neither the metformin nor 
metformin plus DPP-4 inhibitor arm.  

Figure 61. Pooled odds ratio of mild or moderate hypoglycemia comparing metformin with 
combination of metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = combination of metformin plus a 
dipeptidyl peptidase-4 inhibitor; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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Severe Hypoglycemia 
Nine new studies and one old study reported severe hypoglycemia with short term (<52 

week) followup.46, 78, 113, 114, 117, 120, 121, 124, 125, 251 (Figure 62). The weighted odds ratio of severe 
hypoglycemia favored neither arm (OR, 0.63; 95% CI, 0.08, 5.12) with eight studies not 
contributing to the pooling because of no events in either arm.  

Two long-term (>=52 weeks) studies reported on severe hypoglycemia. Pfutzner, 201179 
reported no severe hypoglycemic events in the metformin arm and one event in the metformin 
plus DPP-4 inhibitor arm. Williams-Herman, 201077 reported no severe hypoglycemic events in 
either arm. 

Figure 62. Pooled odds ratio of severe hypoglycemia comparing metformin with combination of 
metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = combination of metformin plus a 
dipeptidyl peptidase-4 inhibitor; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Total Hypoglycemia 
There were nine new studies reporting total hypoglycemic events with short term (<52 week) 

followup.108, 114, 116-119, 122, 125, 129 The pooled odds ratio was 0.92; 95% CI, 0.43, 1.97, favoring 
neither arm (Figure 63). 

There were two studies reporting total hypoglycemic events at greater than a year followup. 
One described 20 total hypoglycemic events in the metformin arm (6.1%), compared with 15 in 
the metformin plus saxagliptin arm (4.7%) at 76 weeks.79 The other found, at 52 weeks, that 
2.9% of patients had hypoglycemia events in the metformin arm, 4.9% of patients had events in 
the fixed linagliptin combination arm, and 6.4% of patients had events in the titrated linagliptin 
combination arm.131 (SOE: High; Neither favored for mild, moderate, or total hypoglycemia) 
(SOE: Moderate; Neither favored for severe hypoglycemia) 
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Figure 63. Pooled odds ratio of any hypoglycemia comparing metformin with combination of 
metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = combination of metformin plus a 
dipeptidyl peptidase-4 inhibitor; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Six studies (published in five articles) reported on total hypoglycemic events with short-term 

followup.80, 122, 125, 132, 133 The weighted odds ratio was 1.62 (95% CI, 0.75, 3.49), showing no 
significant between-group differences (Figure 64). 

One study reported on total hypoglycemic events with long-term followup (78 weeks) and 
reported similar rates of total hypoglycemia in the monotherapy and combination arms: two 
patients of 56 in the metformin arm (3.6%), three patients of 166 in the arm receiving 10 mg of 
empagliflozin (1.8%), and four patients of 166 in the arm receiving 25 mg of empagliflozin 
(2.4%).82 

One 52-week study reported on mild hypoglycemia events and reported four events in both 
the metformin arm (4.4%) and the metformin plus dapagliflozin combination arm (4.4%).134  

Five studies (published in four articles) reported on severe hypoglycemia events with 
followup less than one year, and none of these studies reported any severe events.80, 125, 132, 133 
One study reported no severe hypoglycemic events with more than 52 weeks follow-up.135 (SOE: 
Moderate; Metformin favored for mild, moderate, or total hypoglycemia) (SOE: Low; Neither 
favored for severe hypoglycemia) 
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Figure 64. Pooled odds ratio of any hypoglycemia comparing metformin with combination of 
metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus a sodium-glucose co-transporter-2 
inhibitor; OR = odds ratio; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a GLP-1 Agonist 
Three studies assessed this comparison,110, 128, 136 favoring neither arm consistently, with 

heterogeneity likely due to differences in followup time, dosing, and hypoglycemia definitions 
(Table 54). Two of these studies did not use an intention-to-treat approach and had large losses 
to followup.110, 136 (SOE: Low; Metformin favored for mild, moderate, or total hypoglycemia) 
(SOE: Low; Neither favored for severe hypoglycemia) 
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Table 54. Randomized controlled trials comparing metformin with a combination of metformin 
plus a GLP-1 agonist on hypoglycemia 
Author, year Followup 

(weeks) 
Metformin 

(dose*) 
Metformin + 

GLP-1 
agonist 
(dose*) 

Definition of 
hypoglycemia 

Results† (Metformin vs 
metformin + GLP-1 

agonist) 

Ahren, 2014110 104 Metformin 
(fixed at ≥ 
1500 mg) 

Metformin 
(fixed at ≥ 
1500 mg) + 
albiglutide 
(max 50 mg 
weekly) 

Mild-moderate 
(Asymptomatic, but PG 
≤ 3.9 mmol/L) 
 
Mild-moderate 
(Symptomatic and PG 
≤ 3.9 mmol/L) 
 
Severe (required third 
party assistance) 

1/101 (1%) vs 4/302 
(1.3%) 
 
 
4/101 (4.0%) vs 9/302 
(3.0%) 
 
 
0/101 (0%) vs 0/302 
(0%) 

Nauck, 2014128 52 Metformin 
(fixed at ≥ 
1500 mg) 

Metformin 
(fixed at ≥ 
1500 mg) + 
dulaglutide 
(fixed at 0.75 
mg/week) 

Mild-moderate (Signs 
and symptoms and/or 
PG ≤ 70 mg/dL [3.9 
mmol/L]) 
 
Severe (required third 
party assistance) 

2/177 (1.1%)‡ vs 16/302 
(5.3%) 
 
0/177 (0%)‡ vs 0/302 
(0%) 

Nauck, 2014128 52 Metformin 
(fixed at ≥ 
1500 mg) 

Metformin 
(fixed at ≥ 
1500 mg) + 
dulaglutide 
(fixed at 1.5 
mg/week) 

Mild-moderate (Signs 
and symptoms and/or 
PG ≤ 70 mg/dL [3.9 
mmol/L]) 
 
Severe (required third 
party assistance) 

2/177 (1.1%)‡ vs 31/304 
(10.2%) 
 
 
 
0/177 (0%)‡ vs 0/304 
(0%) 

Derosa, 
2013136 

48 Metformin 
(mean 2500 
mg) 

Metformin 
(mean 2500 
mg) + 
exenatide 
(max 20 
mcg) 

Total (FPG < 60 
mg/dL) 

0/85 (0%) vs 0/86 (0%) 

FPG = fasting plasma glucose; GLP-1 = glucagon-like peptide-1; mcg = micrograms; mg = milligrams; mg/dL = milligrams per 
deciliter; mmol/L = millimole per liter; PG = plasma glucose; vs = versus 
* All doses were titrated, unless otherwise stated. 
† Results are presented as n/N (%) unless otherwise stated. 
‡ Incidence of hypoglycemia at 26 weeks. Incidence is not available for this arm at 52 weeks. In the trial, patients were switched 
from a combination of metformin and placebo to a combination of metformin and sitagliptin.  

Thiazolidinediones Versus Sulfonylureas 
Nine RCTs compared thiazolidinedione with sulfonylurea monotherapy and reported on 

hypoglycemia.45, 53, 67, 140, 141, 146, 149, 200, 252 
Results from the meta-analysis of five sufficiently-homogeneous RCTs 52 or fewer weeks in 

duration showed that the risk of total hypoglycemia was higher for sulfonylurea compared with 
thiazolidinedione monotherapy (pooled OR for sulfonylurea compared with thiazolidinedione 
monotherapy, 6.31, 95% CI, 4.08 to 9.76) (Figure 65).  

We did not include one short-term (16 weeks) study in the meta-analysis because it reported 
on the number of events and not number of participants experiencing events; this study reported 
two events of hypoglycemia in the thiazolidinedione arm and three events in the sulfonylurea 
arm.252 We excluded another short-term (24 weeks) RCT from the meta-analysis because its 
mean daily dose of glimepiride (1.5 mg/day) was much lower than the dosing of sulfonylureas in 
the other studies included in the meta-analysis. This study still found higher rates of 
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hypoglycemia (blood glucose < 60 mg/dL) in the sulfonylurea (7/95, 7.4%) than 
thiazolidinedione (5/96, 5.2%) arm.149 

The longer study, ADOPT, also found higher rates of total hypoglycemia for the sulfonylurea 
(557/1441, 38.7%) arm compared with the thiazolidinedione (142/1456, 9.8%) arm. This study 
also found more severe hypoglycemia in the sulfonylurea (8/1441, 0.6%) arm compared with the 
thiazolidinedione (1/1456, 0.1%) arm. One of the short-term studies reported that two 
participants experienced severe hypoglycemia in the sulfonylurea arm but did not report on this 
outcome for the thiazolidinedione arm.140 (SOE: High; Thiazolidinediones favored for mild, 
moderate, or total hypoglycemia) (SOE: Moderate; Thiazolidinediones favored for severe 
hypoglycemia) 

Figure 65. Pooled odds ratio of any hypoglycemia comparing thiazolidinediones with 
sulfonylureas 

 
CI = confidence interval; Group 1 = thiazolidinediones; Group 2 = sulfonylureas; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Thiazolidinediones Versus DPP-4 Inhibitors 
Three studies evaluated hypoglycemia for this comparison (Table 55).43, 66, 150 This 

comparison appears to favor neither arm; heterogeneity in the results is likely due to differences 
in length of follow up, definition of hypoglycemia, and type of DPP-4 inhibitor. (SOE: Low; 
Neither favored for mild, moderate, total, or severe hypoglycemia) 
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Table 55. Randomized controlled trials comparing thiazolidinediones with DPP-4 inhibitors on 
hypoglycemia 
Author, year Followup 

(weeks) 
TZD (dose*) DPP-4 

inhibitor 
(dose*) 

Definition of 
hypoglycemia 

Results† (TZD vs DPP-4 
inhibitor) 

Alba, 201343 12 Pioglitazone 
(fixed at 30 
mg) 

Sitagliptin 
(fixed at 100 
mg) 

Total (all reports of 
hypoglycemia; no 
glucose measurement 
required) 

2/54 (3.7%) vs 0/52 (0%) 

Rosenstock, 
2010150 

26 Pioglitazone 
(fixed at 
30mg) 

Alogliptin 
(fixed at 25 
mg) 

Severe (required third 
party assistance) 

0/163 (0%) vs 0/164 
(0%) 

Russell-Jones, 
201266 

26 Pioglitazone 
(max 45 mg) 

Sitagliptin 
(fixed at 100 
mg) 

Severe‡ 
 
 
Total (signs or 
symptoms) 

6/163 (3.7%) vs 5/163 
(3.1%) 
 
0/163 (0%) vs 0/163 
(0%) 

DPP-4 = dipeptidyl peptidase-4; mg = milligrams; TZD = thiazolidinedione 
* All doses were titrated, unless otherwise stated. 
† Results are presented as n/N (%) unless otherwise stated. 
‡ Severe hypoglycemia was defined as symptoms resulting in loss of consciousness or seizure that showed prompt recovery after 
glucose administration, or documented blood glucose less than 3.0 mmol/L that required the assistance of another person because 
of severe impairment in consciousness. 

Thiazolidinediones Versus GLP-1 Agonists 
One RCT addressed this outcome, with results favoring the thiazolidinedione arm.66 At 26 

weeks, zero among the 163 participants in the pioglitazone arm had mild hypoglycemia, but 5 of 
248 did in the exenatide arm. (SOE: Low; Thiazolidinediones favored for mild, moderate, or 
total hypoglycemia) (SOE: Low; Neither favored for severe hypoglycemia) 

Sulfonylureas Versus DPP-4 Inhibitors 
Comparisons for both mild and severe hypoglycemia favored the DPP-4 inhibitor arms over 

sulfonylureas. Four RCTs examined hypoglycemia with this comparison, and differences in 
followup length precluded a meta-analysis (Table 56). (SOE: Moderate; DPP-4 inhibitors 
favored for mild, moderate, or total hypoglycemia) (SOE: Low; DPP-4 inhibitors favored for 
severe hypoglycemia) 
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Table 56. Randomized controlled trials comparing sulfonylureas with DPP-4 inhibitors on 
hypoglycemia 
Author, year Followup 

(weeks) 
SU (dose*) DPP-4 

inhibitor 
(dose*) 

Definition of 
hypoglycemia 

Results† (SU vs DPP-4 
inhibitor) 

Arjona 
Ferreira, 
2013152 

58 Glipizide 
(max 20 mg; 
mean 7.7 
mg)  

Sitagliptin 
(fixed at 50 
mg for those 
with 
moderate 
renal 
insufficiency 
and 25 mg 
for those 
with severe 
renal 
insufficiency) 

Severe (required third 
party assistance or 
medical intervention or 
exhibited markedly 
depressed level of 
consciousness, loss of 
consciousness, or 
seizure)  
 
Total (signs and/or 
symptoms) 

6/212 (2.8%) vs 3/210 
(1.4%) 
 
 
 
 
 
 
 
36/212 (17%) vs 13/210 
(6.2%); P < 0.001 

Gupta, 2013253 24 Glimepiride 
(max 4 mg) 

Sitagliptin 
(max 200 
mg) 

Total (not specified) 11 episodes among 71 
patients vs 3 episodes 
among 77 patients 

Barnett, 
2012151 

34 Glimepiride 
(max 4 mg) 

Linagliptin 
(fixed at 5 
mg) 

Mild-moderate 
(Symptoms and/or PG 
≤ 70 mg/dL [3.9 
mmol/]) 
 
Severe (required third 
party assistance) 

5/64 (7.8%) vs 3/137 
(2.2%) 
 
 
 
0/64 (0%) vs 0/137 (0%) 

Scott, 2007153 12 Glipizide 
(max 20 mg) 

Sitagliptin 
(fixed at 25 
mg) 

Total (self-report and 
glucose 
measurements) 

21/123 (17.1%) vs 5/123 
(4.1%) 

Scott, 2007153 12 Glipizide 
(max 20 mg) 

Sitagliptin 
(fixed at 50 
mg) 

Total (self-report and 
glucose 
measurements) 

21/123 (17.1%) vs 5/123 
(4.1%) 

Scott, 2007153 12 Glipizide 
(max 20 mg) 

Sitagliptin 
(fixed at 100 
mg) 

Total (self-report and 
glucose 
measurements) 

21/123 (17.1%) vs 2/122 
(1.6%) 

DPP-4 = dipeptidyl peptidase-4; max = maximum; mg = milligrams; mg/dL = milligrams per deciliter; mmol/L = millimole per 
liter; PG = plasma glucose; SU = sulfonylurea 
* All doses were titrated, unless otherwise stated. 
† Results are presented as n/N (%) unless otherwise stated. 

Sulfonylureas Versus GLP-1 Agonists 
GLP-1 agonists were favored over sulfonylureas for mild to moderate hypoglycemia (Table 

57). Five studies assessed this outcome, and could not be pooled due to heterogeneity in outcome 
definitions and follow-up length. No study reported any events of severe hypoglycemia. (SOE: 
Moderate; GLP-1 agonists favored for mild, moderate, or total hypoglycemia) (SOE: Low; 
Neither favored for severe hypoglycemia) 
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Table 57. Randomized controlled trials comparing sulfonylureas with GLP-1 agonists on 
hypoglycemia 
Author, year Followup 

(weeks) 
SU (dose*) GLP-1 

agonist 
(dose*) 

Definition of 
hypoglycemia 

Results† (SU vs GLP-1 
agonist) 

Garber, 
2011158 

104 Glimepiride 
(max 8mg) 

Liraglutide 
(max 1.2 mg) 

Mild-moderate (did not 
require assistance, BG 
< 56 mg/dL [3.1 
mmol/L]) 
 
Severe (required third-
party assistance) 

64/248 (25.8%) vs 
30/251 (12%) 
 
 
 
0/248 (0%) vs 0/251 
(0%) 

Garber, 
2011158 

104 Glimepiride 
(max 8 mg) 

Liraglutide 
(max 1.8 mg) 

Mild-moderate (did not 
require assistance, BG 
< 56 mg/dL [3.1 
mmol/L]) 
 
Severe (required third-
party assistance) 

64/248 (25.8%) vs 
25/247 (10.1%) 
 
 
 
0/248 (0%) vs 1/247 
(0.4%)‡ 

Kaku, 2011155 52 Glibenclamid
e (fixed at 
1.25 -2.5 
mg) 

Liraglutide 
(max 0.9 mg) 

Mild-moderate (self-
treated) 
 
 
Severe (required third 
party assistance) 

1.10 events per patient-
year vs 0.19 events per 
patient-year 
 
0/132 (0%) vs 0/268 
(0%) 

Madsbad, 
2004156  

12 Glimepiride 
(max 4 mg) 

Liraglutide 
(Fixed (0.60 
mg)) 

Mild-moderate (BG < 
2.8 mmol/L) 

4/26 (15.4%) vs 1/30 
(3.3%) 

Madsbad, 
2004156  

12 Glimepiride 
(max 4 mg) 

Liraglutide 
(Fixed (0.75 
mg)) 

Mild-moderate (BG < 
2.8 mmol/L) 

4/26 (15.4%) vs 0/28 
(0%) 

Seino, 2010154 24 Glibenclamid
e (max 2.5 
mg) 

Liraglutide 
(max 0.9 mg) 

Mild-moderate 
(symptoms) 
 
Mild-moderate 
(symptoms and BG < 
3.1 mmol/L) 
 
Severe (required third 
party assistance) 

45/132 (34.1%) vs 
36/268 (13.4%) 
 
29/132 (22%) vs 22/268 
(8.2%) 
 
 
0/132 (0%) vs 0/268 
(0%) 

BG = blood glucose; GLP-1 = glucagon-like peptide-1; max = maximum; mg = milligrams; mg/dL = milligrams per deciliter; 
mmol/L = millimole per liter; SU = sulfonylurea 
* All doses were titrated, unless otherwise stated. 
† Results are presented as n/N (%) unless otherwise stated. 
‡ Event in the context of insulin infusion as part of a “sub-study” procedure. 

DPP-4 Inhibitors Versus SGLT-2 Inhibitors 
One study assessed hypoglycemia for this comparison.159 The study compared sitagliptin 

with empagliflozin at 24 weeks, with one of 223 patients in the sitagliptin arm (<1%) with any 
hypoglycemia, one of 224 patients in the 10 mg empagliflozin arm, and one of 223 patients in 
the 25 mg empagliflozin arm. No patients experienced severe hypoglycemia. (SOE: Low; 
Neither favored for mild, moderate, total, or severe hypoglycemia) 

DPP-4 Inhibitors Versus GLP-1 Agonists 
One study assessed hypoglycemia for this comparison, favoring sitagliptin.66 Investigators 

compared sitagliptin with exenatide at 26 weeks. There were five patients of 163 in the 
sitagliptin arm with any hypoglycemia, and 13 of 248 in the exenatide arm; zero patients of 163 

166 



in the sitagliptin arm had mild hypoglycemia, and five of 248 did in the exenatide arm; and no 
patients had severe hypoglycemia in either arm. (SOE: Low; DPP-4 inhibitors favored for mild, 
moderate, or total hypoglycemia) (SOE: Low; Neither favored for severe hypoglycemia) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

Six short-duration RCTs reporting on mild or moderate hypoglycemia compared the 
combination of metformin plus a thiazolidinedione with metformin plus a sulfonylurea, showing 
higher risk of hypoglycemia in the metformin plus sulfonylurea arm (pooled OR, 7.5; 95% CI, 
4.0 to 13.8) (Figure 66).160, 162, 163, 165, 168, 170 The trial by Hamann et al. was designed so that 
patients were withdrawn from the study if they did not reach an efficacy target after 8 weeks of 
treatment.160 The rates of hypoglycemia were high as medications were titrated up to efficacy, 
although the relative odds of hypoglycemia in the two arms was comparable to the other studies. 
No single study strongly influenced the results of the meta-analysis and no substantial 
heterogeneity was identified. 

One study reported on severe hypoglycemia, showing results consistent with the mild to 
moderate hypoglycemia outcome.165 In Garber et al., seven of 159 patients had severe 
hypoglycemic events in the metformin with sulfonylurea arm and none did in the metformin with 
thiazolidinedione arm.165 This study included patients with high baseline HbA1c and had a 
higher proportion of Asian patients than most studies (12% Asian). (SOE: High; Combination of 
metformin plus a thiazolidinedione favored for mild, moderate, or total hypoglycemia) (SOE: 
Low; Combination of metformin plus a thiazolidinedione favored for severe hypoglycemia) 
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Figure 66. Pooled odds ratio of any hypoglycemia comparing a combination of metformin plus a 
thiazolidinedione with a combination of metformin plus a sulfonylurea 

 
CI = confidence interval; Group 1 = combination of metformin plus thiazolidinedione; Group 2 = combination of metformin plus 
a sulfonylurea; Met = metformin; OR = odds ratio; SU = sulfonylurea; TZD = thiazolidinedione 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Three studies (two RCTs and one observational study) compared the combination of 
metformin plus a thiazolidinedione with metformin plus a DPP-4 inhibitor, showing no clear 
differences between-groups in hypoglycemia risk.171, 173, 254 One low quality study randomized 
56 patients to metformin and rosiglitazone and 56 to metformin and sitagliptin. One patient in the 
rosiglitazone group withdrew for hypoglycemia but it is not clearly reported how many in each 
group experienced hypoglycemia.171 One study compared mild hypoglycemia in a metformin 
plus pioglitazone arm with a metformin plus sitagliptin arm at 26 weeks.173 There was one 
patient with an event in the metformin plus pioglitazone arm and five patients with events in the 
metformin plus sitagliptin arm. This study also evaluated severe hypoglycemia, finding no events 
in either arm. A prospective cohort study also assessed severe hypoglycemia; no patients with 
these events were recorded.254 (SOE: Low; Neither favored for mild, moderate, or total 
hypoglycemia) (SOE: Moderate; Neither favored for severe hypoglycemia) 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Two short RCTs compared metformin plus a thiazolidinedione with metformin plus a GLP-1 
agonist, showing little differences between-groups in hypoglycemia risk. The first 20-week study 
randomized 45 patients to metformin and rosiglitazone and 45 to metformin and exenatide at 
comparable doses.174 No patients receiving metformin plus rosiglitazone reported hypoglycemia 
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while two patients receiving metformin plus exenatide did, although this difference was not 
statistically significant.174 There were no severe hypoglycemic events in this study. The second 
26-week study randomized 325 patients to either metformin and pioglitazone or metformin and 
exenatide at comparable doses.173 They reported one patient with mild hypoglycemia in the 
metformin plus pioglitazone arm, and two patients with mild hypoglycemia in the metformin 
plus exenatide arm. They also reported that no patients had severe hypoglycemia in either arm. 
(SOE: Low; Neither favored for mild, moderate, total, or severe hypoglycemia) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Nine studies of this comparison found more patients with severe and non-severe 
hypoglycemia in the metformin plus sulfonylurea arms compared with the metformin plus DPP-4 
inhibitor arms (Figure 67).108, 110, 175-180, 255 

Four studies lasting over a year reported on the outcome of severe hypoglycemia, favoring 
metformin plus a DPP-4 inhibitor over metformin plus a sulfonylurea (pooled OR, 0.09; 95% CI, 
0.03 to 0.28).110, 178-180 Similarly, three studies lasting less than a year reported on the outcome of 
severe hypoglycemia, favoring metformin plus a DPP-4 inhibitor over metformin plus a 
sulfonylurea (pooled OR, 0.16; 95% CI, 0.05 to 0.56).175-177 

Three additional studies were pooled for a meta-analysis of hypoglycemia (defined as mild, 
moderate, or total) with follow up less than 52 weeks. The pooled odds ratio was 0.27 (95% CI, 
0.18 to 0.39), favoring metformin plus a DPP-4 inhibitor.108, 175, 255 Three longer studies with 
followup greater than 52 weeks reported on mild, moderate, or total hypoglycemia, with all three 
studies reporting significantly less hypoglycemia in the metformin plus DPP-4 inhibitor arms 
compared with the metformin plus sulfonylurea arms (pooled OR, 0.09; 95% CI, 0.04 to 
0.18).110, 178, 179 For all meta-analyses, no single study markedly influenced the results. Only one 
meta-analysis had substantial heterogeneity, yet the point estimates were fairly similar among 
these studies. (SOE: High; Combination of metformin plus a DPP-4 inhibitor favored for mild, 
moderate, total, or severe hypoglycemia)  
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Figure 67. Pooled odds ratio of hypoglycemia comparing a combination of metformin plus a 
sulfonylurea with a combination of metformin plus a DPP-4 inhibitor, stratified by study duration 
and severity of hypoglycemia 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = combination of metformin plus a sulfonylurea; Group 2 = 
combination of metformin plus a dipeptidyl peptidase-4 inhibitor; Met = metformin; OR = odds ratio; SU - sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
* The profile likelihood estimate provided a similar result. 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

For the combined outcome of mild or total hypoglycemia, and for severe hypoglycemia, this 
comparison favored the metformin plus SGLT-2 inhibitor combinations over the combination of 
metformin and a sulfonylurea.  

Three studies were pooled assessing mild or total hypoglycemia for this comparison.181-183 
The weighted odds ratio was 0.07 (95% CI, 0.03 to 0.13), favoring metformin plus SGLT-2 
inhibitor combinations. There was substantial heterogeneity for this meta-analysis (I-squared = 
71.6%); however, point estimates were fairly similar among the trial (Figure 68). Two of the 
three studies used equipotent drug dosing between the treatment arms.181, 182 One study mildly 
underdosed the metformin plus sulfonylurea arm (mean glimepiride dose of 2.7 mg) in 
comparison with the SGLT-2 inhibitor arm.183 No single study strongly influenced the meta-
analysis results. 

Two of these trials also assessed severe hypoglycemia for this comparison.181, 182 As above, 
the combination of metformin plus an SGLT-2 inhibitor was favored in both studies. The first 
RCT assessed severe hypoglycemia at 52 weeks in 965 randomized patients.181 There were 15 
patients with a severe hypoglycemic event in the metformin plus sulfonylurea arm and two 
patients in the metformin plus SGLT-2 inhibitor arm. The second RCT assessed severe 
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hypoglycemia at 104 weeks in 814 randomized patients.182 Severe hypoglycemic events were 
reported in 7% of patients in the metformin plus sulfonylurea arm and 1.7% of patients in the 
metformin plus SGLT-2 inhibitor arm. (SOE: High; Combination of metformin plus a SGLT-2 
inhibitor favored for mild, moderate, or total hypoglycemia) (SOE: Moderate; Combination of 
metformin plus a SGLT-2 inhibitor favored for severe hypoglycemia) 

Figure 68. Pooled odds ratio of mild or moderate hypoglycemia comparing a combination of 
metformin plus a sulfonylurea with a combination of metformin plus a SGLT-2 inhibitor* 

 
CI = confidence interval; Group 1 = combination of metformin plus a sulfonylurea; Group 2 = combination of metformin plus a 
sodium-glucose co-transporter-2 inhibitor; Met = metformin; OR = odds ratio; SGLT-2 = sodium-glucose co-transporter-2; SU = 
sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
* The profile likelihood estimate provided a similar result. 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Three RCTs compared the combination of metformin plus a sulfonylurea with the 
combination of metformin plus a GLP-1 agonist, showing a lower risk of total/mild/moderate 
hypoglycemia with the combination of metformin plus a GLP-1 agonist and no clear differences 
between groups in severe hypoglycemia risk (Figure 69).110, 185, 187 No meta-analysis could be 
conducted for this comparison due to differences in study duration and hypoglycemia definitions. 
In all studies, glimepiride was the sulfonylurea given in combination with metformin. (SOE: 
Moderate; Combination of metformin plus a GLP-1 agonist favored for mild, moderate, or total 
hypoglycemia) (SOE: Low, Neither favored for severe hypoglycemia) 
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Figure 69. Odds ratio of hypoglycemia comparing a combination of metformin plus a sulfonylurea 
with a combination of metformin plus a GLP-1 agonist, stratified by study duration and severity of 
hypoglycemia 

 
CI = confidence interval; GLP-1 = glucagon-like peptide-1; Group 1 = combination of metformin plus a sulfonylurea; Group 2 = 
combination of metformin plus a glucagon-like peptide-1 agonist; Met = metformin; OR = odds ratio; SU = sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a Basal Insulin 

One study addressed this comparison, favoring metformin and insulin glargine. This 48-week 
RCT compared metformin and glimepiride with metformin and insulin glargine.189 While 
patients continued on the same pre-study dose of metformin of around 1500 mg, both the 
sulfonylurea and the insulin glargine were titrated to reach blood sugar targets. Nineteen patients 
out of 30 (63%) in the metformin plus glimepiride arm had mild hypoglycemia compared with 
10 out of 34 (29%) in the metformin plus insulin glargine arm. No severe hypoglycemia events 
occurred in either treatment arm. (SOE: Low; Combination of metformin plus basal insulin 
favored for mild, moderate, or total hypoglycemia) (SOE: Low; Neither arm favored for severe 
hypoglycemia) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a Premixed Insulin 

Two RCTs compared metformin plus sulfonylurea with metformin plus a premixed insulin, 
showing no clear differences between groups in hypoglycemia risk (Table 58).190, 191 (SOE: Low; 
Neither favored for mild, moderate, or total hypoglycemia) (SOE: Insufficient; Unable to draw a 
conclusion for severe hypoglycemia) 
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Table 58. Randomized controlled trials comparing a combination of metformin plus a sulfonylurea 
with a combination of metformin plus a premixed insulin on hypoglycemia 
Author, year Followup Comparison Outcome Results 
Malone, 2003190 16 weeks Metformin + glargine 

versus metformin + 
lispro 75/25 

Nocturnal (N = 597 in trial) 
Greater number of participants 
with nocturnal hypoglycemia (p < 
0.01) with metformin plus 
sulfonylurea than metformin plus 
insulin. 

   Severe Comparable number with severe 
hypoglycemia (p=0.10) 

Kvapil, 2006191 16 weeks Metformin + 
glibenclamide versus 
metformin + aspart 
70/30 

Mild or 
moderate 

9/114 versus 13/108; 
RR = 1.5 (95% CI, 0.7 to 3.4) 

CI = confidence interval; RR = relative risk 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Four studies considered hypoglycemia for this comparison, showing no clear between-group 
differences in hypoglycemia risk (Figure 70). Two RCTs with equipotent doses in each arm 
showed no significant between-group differences in severe hypoglycemia risk.125, 127  

One 52-week RCT127 randomized 714 patients to metformin plus sitagliptin or metformin 
plus canagliflozin, finding 4.1% of patients in the metformin plus sitagliptin arm with any 
hypoglycemic event, compared with 6.8% of patients in the metformin plus canagliflozin arm. A 
78-week lower quality RCT82 found 3.6% of patients with any hypoglycemic event in the 
metformin plus sitagliptin arm, 1.8% of patients with such events in the low-dose metformin plus 
empagliflozin arm, and 2.4% of patients in the high-dose metformin plus empagliflozin arm.  

Two shorter RCTs assessed total hypoglycemia with followup at 12 weeks, showing a non-
significant greater risk of total hypoglycemia in the metformin plus DPP-4 inhibitor arms.122, 125 
(SOE: Low; Neither arm favored for mild, moderate, total, or severe hypoglycemia) 
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Figure 70. Odds ratio of hypoglycemia comparing a combination of metformin plus a SGLT-2 
inhibitor with a combination of metformin plus a DPP-4 inhibitor, stratified by severity of 
hypoglycemia 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = combination of metformin plus a dipeptidyl peptidase-4 
inhibitor; Group 2 = combination of metformin plus a sodium-glucose co-transporter-2 inhibitor; Met = metformin; OR = odds 
ratio; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Three studies reported on hypoglycemia for this comparison, showing no clear between-
group differences in hypoglycemia risk (Table 59).110, 128, 173 All three studies compared 
metformin plus sitagliptin, but each of the studies used a different GLP-1 agonist in the 
metformin plus GLP-1 agonist comparator arm (albiglutide, exenatide, and dulaglutide). None of 
the three studies had any severe hypoglycemia in either arm. For mild to moderate 
hypoglycemia, there are conflicting results with two of the three studies favoring the metformin 
plus DPP-4 inhibitor arms. This may be due to different types of GLP-1 agonists although there 
may be unidentified sources of heterogeneity too. (SOE: Low; Neither arm favored for mild, 
moderate, total, or severe hypoglycemia) 
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Table 59. Randomized controlled trials comparing a combination of metformin plus a DPP-4 
inhibitor with a combination of metformin plus a GLP-1 agonist on hypoglycemia 
Author, year Followup 

(weeks) 
Metformin + 

DPP-4 
inhibitor 
(dose*) 

Metformin + 
GLP-1 

agonist 
(dose*) 

Definition of 
hypoglycemia 

Results† (Metformin + 
DPP-4 inhibitor vs 
metformin + GLP-1 

agonist) 
Ahren, 2014110 104 Metformin 

(fixed at ≥ 
1500 mg) + 
sitagliptin 
(fixed at 100 
mg) 

Metformin 
(fixed at ≥ 
1500 mg) + 
albiglutide 
(max 50 mg 
weekly) 

Mild-moderate 
(asymptomatic, but BG 
≤ 3.9 mmol/L) 
 
Mild-moderate 
(symptomatic and BG 
≤ 3.9 mmol/L) 
 
Severe (required third 
party assistance) 

4/302 (1.3%) vs 4/302 
(1.3%) 
 
 
5/302 (1.7%) vs 9/302 
(3%) 
 
 
0/302 (0%) vs 0/302 
(0%) 

Bergenstal, 
2010173 

26 Metformin 
(fixed, mean 
1583 mg) + 
sitagliptin 
(fixed at 100 
mg) 

Metformin 
(fixed, mean 
1504 mg) + 
exenatide 
(fixed at 2 
mg weekly) 

Mild-moderate 
(symptomatic and BG 
< 3 mmol/L) 
 
Severe‡ 

5/166 (3%) vs 2/160 
(1.3%) 
 
 
0/166 (0%) vs 0/160 
(0%) 

Nauck, 2014128 52 Metformin 
(fixed at ≥ 
1500 mg) + 
sitagliptin 
(fixed at 100 
mg) 

Metformin 
(fixed at ≥ 
1500 mg) + 
dulaglutide 
(fixed 0.75 
mg weekly) 

Mild-moderate (signs, 
symptoms and/or BG ≤ 
70 mg/dL) 
 
Severe (required third 
party assistance) 

15/315 (4.8%) vs 16/302 
(5.3%) 
 
 
0/315 (0%) vs 0/302 
(0%) 

  Metformin 
(fixed at ≥ 
1500 mg) + 
sitagliptin 
(fixed at 100 
mg) 

Metformin 
(fixed at ≥ 
1500 mg) + 
dulaglutide 
(fixed 1.5 mg 
weekly) 

Mild-moderate (signs, 
symptoms and/or BG ≤ 
70 mg/dL) 
 
Severe (required third 
party assistance) 

15/315 (4.8%) vs 31/304 
(10.2%) 
 
 
0/315 (0%) vs 0/304 
(0%) 

BG = blood glucose; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; max = maximum; mg = milligrams; 
mg/dL = milligrams per deciliter; mmol/L = millimole per liter 
* All doses were titrated, unless otherwise stated. 
† Results are presented as n/N (%) unless otherwise stated. 
‡ Severe hypoglycemia was defined as a loss of consciousness, seizure, or coma that resolved after treatment with glucagon or 
glucose, or severe impairment that required third-party assistance to resolve the episode and a blood glucose concentration of 
lower than 3 mmol/L. 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a Basal Insulin 

One RCT assessed hypoglycemia for this comparison, finding more hypoglycemic events in 
the metformin plus insulin arm (Table 60).193 (SOE: Low; Combination of metformin plus a 
DPP-4 inhibitor favored for mild, moderate, or total hypoglycemia) (SOE: Low; Neither favored 
for severe hypoglycemia) 
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Table 60. Randomized controlled trials comparing a combination of metformin plus a DPP-4 
inhibitor with a combination of metformin plus a basal insulin on hypoglycemia 
Author, year Followup 

(weeks) 
Metformin + 

DPP-4 
inhibitor 
(dose*) 

Metformin + 
basal 

insulin 
(dose*) 

Definition of 
hypoglycemia 

Results† (Metformin + 
DPP-4 inhibitor vs 
metformin + basal 

insulin) 
Aschner, 
2012193 

24 Metformin 
(baseline 
dose 1835 
mg) + 
sitagliptin 
(fixed at 100 
mg) 

Metformin 
(baseline 
dose 1852 
mg) + insulin 
glargine 
(max 0.5 
U/kg) 

Severe (severe 
symptomatic) 
 
Total (symptomatic 
and BG ≤ 3.9 mmol/L) 

1/264 (0.4%) vs 3/237 
(1.3%) 
 
28/264 (10.6%) vs 
86/237 (36.3%) 

BG = blood glucose; DPP-4 = dipeptidyl peptidase-4; max = maximum; mg = milligrams; mmol/L = millimole per liter; U/kg = 
units per kilogram 
* All doses were titrated, unless otherwise stated. 
† Results are presented as n/N (%) unless otherwise stated. 

Combination of Metformin Plus a GLP-1 Agonist Versus a Combination of 
Metformin Plus a Basal Insulin 

Three RCTs (reported in four articles) compared metformin plus basal insulin with the 
combination of metformin plus exenatide, with lower risk of mild or moderate hypoglycemia in 
the metformin plus exenatide arms in all three studies (Table 61).47, 194, 195, 256 One of the three 
RCTs (reported in two articles) initially reported their 56-week followup data and later their 168-
week followup data.47, 195 Twenty-five percent of the patients in the metformin plus exenatide 
arm were taking above maximally-approved doses of exenatide,47, 195 yet the patients in the 
metformin plus insulin arm still had greater hypoglycemia than the metformin plus exenatide 
arm. The two RCTs which reported on severe hypoglycemia showed no between-group 
differences in severe hypoglycemia.194, 256 (SOE: Moderate; Combination of metformin plus a 
GLP-1 agonist favored for mild, moderate, or total hypoglycemia) (SOE: Low; Neither favored 
for severe hypoglycemia) 
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Table 61. Randomized controlled trials comparing a combination of metformin plus a GLP-1 
agonist with a combination of metformin plus a basal insulin on hypoglycemia 
Author, year Followup 

(weeks) 
Metformin + 

GLP-1 
agonist 
(dose*) 

Metformin + 
basal 

insulin 
(dose*) 

Definition of 
hypoglycemia 

Results† (Metformin + 
GLP-1 agonist vs 
metformin + basal 

insulin) 
Davies, 
2013256 

26 Metformin 
(fixed at ≥ 
1000 mg) + 
exenatide 
(fixed at 2 
mg weekly) 

Metformin 
(fixed at ≥ 
1000 mg) + 
insulin 
detemir 
(mean initial 
dose 0.21 
IU/kg; mean 
end dose 
20.8 IU, end 
dose 0.51 
IU/kg) 

Mild-moderate 
(symptoms that were 
self-treated or resolved 
on their own, with 
documented BG < 3.0 
mmol/L) 
 
 
Severe hypoglycemia‡ 

0/33 (0%) vs 1/29 (3.4%) 
 
 
 
 
 
0/33 (0%) vs 0/29 (0%) 

Bunck, 201147 
Bunck, 2009195  

168 Metformin 
(fixed at pre-
enrollment 
dose) + 
exenatide + 
(max 60 ug) 

Metformin 
(fixed at pre-
enrollment 
dose) + 
insulin 
glargine 
(mean 33.7 
IU) 

Mild-moderate (BG < 
3.0 mmol/L) 

7/36 (19.4%) vs 9/33 
(27.3%) at 168 weeks 
 
3/36 (8.3%) vs 8/33 
(24.2%) at 56 weeks 

Diamant, 
2010194 

84 Metformin 
(continued 
stable dose) 
+ exenatide 
(fixed at 2 
mg weekly) 

Metformin 
(continued 
stable dose) 
+ insulin 
glargine 
(started at 10 
IU then 
titrate to 
glycemic 
goal of 4-5.5 
mmol/L) 

Mild-moderate 
(symptoms and BG < 
3.0 mmol/L and was 
either self-treated or 
resolved 
independently) 
 
Severe hypoglycemia‡ 

13/164 (7.9%) vs 51/157 
(32.5%) 
 
 
 
 
 
1/164 (0.6%) vs 1/157 
(0.6%) 

BG = blood glucose; GLP-1 = glucagon-like peptide-1; IU = international units; IU/kg = international units per kilogram; mg = 
milligrams; mmol/L = millimole per liter; 
* All doses were titrated, unless otherwise stated. 
† Results are presented as n/N (%) unless otherwise stated. 
‡ Any hypoglycemic episode with symptoms consistent with hypoglycemia that led to loss of consciousness or seizure, with 
prompt recovery in response to glucagon or glucose administration, or documented hypoglycemia [blood glucose <3.0mmol] 
necessitating assistance of another person  

Combination of Metformin Plus a GLP-1 Agonist Versus a Combination of 
Metformin Plus a Premixed Insulin 

One study assessed this comparison, showing less hypoglycemia in the metformin plus GLP-
1 agonist arm compared with the metformin plus premixed insulin arm. This 26-week RCT 
found an incidence of first hypoglycemic episodes of 8.0% in the metformin plus exenatide 
group versus 20.5% in the metformin plus insulin aspart 70/30 group.196 No severe 
hypoglycemia was reported. (SOE: Low; Combination of metformin plus a GLP-1 agonist 
favored for mild, moderate, or total hypoglycemia) (SOE: Low; Neither favored for severe 
hypoglycemia) 
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Combination of Metformin Plus a Basal Insulin Versus a Combination of 
Metformin Plus a Premixed Insulin 

Five trials examined the comparison of metformin plus basal insulin to metformin plus a mix 
of long- and short-acting insulin, consistently favoring the former (Table 62).197-199, 206, 207 Due to 
the heterogeneity of these trials (I-squared = 78.8%) they were not pooled in a meta-analysis. 
The heterogeneity may be due to the difference in followup times, insulin preparations, and 
insulin dosing. (SOE: Moderate; Combination of metformin plus a basal insulin favored for mild, 
moderate, or total hypoglycemia) (SOE: Low; Neither arm favored for severe hypoglycemia) 

Table 62. Randomized controlled trials comparing a combination of metformin plus a basal insulin 
with a combination of metformin plus a premixed insulin on hypoglycemia 
Author, year Comparison Outcome Results  RR and comments 

(combination metformin and 
another insulin as reference 

group) 
Malone, 
2004206 
 

Metformin + glargine 
versus metformin + 
lispro 75/25 

Mild or 
moderate 
at 32 
weeks 

40/101 versus 57/100 
(87 versus 181 
events) 

RR = 0.69 (95% CI 0.5 to 0.9), 
both arms of cross-over pooled  

  Severe at 
32 weeks 

None NA 

Malone, 
2005207 

Metformin + glargine 
versus metformin + 
lispro 75/25 

Mild or 
moderate 
at 32 
weeks 

0.44 versus 0.61 
events/patient/30 
days 

P = 0.47; more daytime 
hypoglycemia with lispro 75/25 
but less nocturnal hypoglycemia 

  Severe at 
32 weeks 

None NA 

Raskin, 
2007198 

Metformin + glargine 
versus metformin + 
aspart 70/30 

Mild or 
moderate 
at 28 
weeks 

11/78 versus 33/79 
(23 versus 121 
events) 

RR = 0.34 (95% CI 0.2 to 0.6) 

Robbins, 
2007197 

Metformin + glargine 
versus metformin + 
lispro 50/50 

Mild or 
moderate 
at 24 
weeks 

75/158 versus 79/157 RR = 0.94 (95% CI 0.8 to 1) 

  Severe at 
24 weeks 

2/158 versus 3/157 RR = 0.66 (95% CI 0.1 to 4) 

Davies, 
2007199 

Metformin + NPH 
versus metformin + 
NPH/regular 70/30 

Mild or 
moderate 

7/29 versus 8/27 RR = 0.81 (95% CI 0.34 to 1.9); 
a poorly conducted trial 

CI = confidence interval; NA = not available; NPH = neutral protamine Hagedorn; RR = relative risk 

Strength of Evidence for Hypoglycemia 
As noted in the Key Points and Table Hypo 14 and Table 64, we found moderate or high 

strength of evidence for many of the monotherapy comparisons evaluating hypoglycemia and 
also found a number of combination comparisons with high or moderate strength of evidence. 
We found several comparisons of interest for which there was no or minimal evidence, 
especially among the combination comparisons. Study limitations for most comparisons were 
low or medium with only two comparisons having high study limitations due to lack of blinding, 
lack of description of withdrawals and dropouts, or high losses to followup. In general, we did 
not find strong differences in outcomes in the lower versus higher quality studies. When we 
found low strength of evidence for hypoglycemia, this tended to occur in the setting of fair to 
poor study quality and inconsistency for monotherapy comparisons, and was related more to 
insufficient data in the combination comparisons. We generally found consistency among studies 
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if there were more than three studies for a given comparison. Most evidence on hypoglycemia 
was precise for monotherapy comparisons; there was less precision when there were fewer 
studies, as in the combination comparisons. We did not find any evidence of publication bias 
using the Begg’s and Egger’s test for the comparisons with greater than ten studies. We did 
identify a few unpublished studies that could have influenced our rating of the evidence. A single 
unpublished study found more hypoglycemia in a DPP-4 inhibitor arm than in the comparator 
metformin arm; this was not consistent with our meta-analysis findings for this comparison. This 
did not change our conclusions for this comparison due to the small effect. Also, we identified 
two additional studies of the comparison of sulfonylurea to DPP-4 inhibitor monotherapy which 
were consistent with the published studies; the addition of this evidence may have allowed us to 
rate the strength of evidence as high for this comparison.  

 

179 



Table 63. Strength of evidence domains for monotherapy comparisons in terms of hypoglycemia among adults with type 2 diabetes 
Comparison Outcome Number of 

Studies 
(Subjects) 

Study 
Limitation

s 

Consistency Directnes
s 

Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. 
TZD 

Mild, 
moderate, 
total 

5 (4,197) Medium Inconsistent Direct Precise Undetected Low Metformin favored 

 Severe 1 (409) Low Unknown Direct Imprecise Undetected Low Neither favored 
Metformin vs. 
SU 

Mild, 
moderate, 
total 

RCTs: 14 
(7,332) 

Medium Consistent Direct Precise Undetected High Metformin favored; 
combined OR for 
mild-moderate 
hypoglycemia for SU 
vs. metformin, 4.00; 
95% CI, 1.75 to 9.83 

  Observational: 
1 (1789) 

Medium Unknown Direct Precise n/a   

 Severe 2 (376) Low Consistent Direct Imprecise Undetected Moderate Metformin favored 
Metformin vs. 
DPP-4 
inhibitors 

Mild, 
moderate, 
total 

6 (6,710) High Consistent for 
symptomatic 
hypoglycemia 
 

Direct Precise Suspected Low DPP-4 inhibitor 
favored  

 Severe 6 (6,710) High Inconsistent Direct Imprecise Suspected Low Neither favored  
Metformin vs. 
SGLT-2 
inhibitors 

Mild, 
moderate, 
total 

5 (2,700) Medium Consistent Direct Precise Undetected Moderate SGLT-2 inhibitors 
favored; combined 
OR for SGLT-2 vs. 
metformin, 0.46; 95% 
CI, 0.16 to 1.30 

 Severe 2 (831) Medium Consistent Direct Imprecise Undetected Low Neither favored 
Metformin vs. 
GLP-1 
agonists 

Mild, 
moderate, 
total 

3 (1360) Low Inconsistent Direct Imprecise Undetected Low Metformin favored 

 Severe 3 (1360) Low Consistent Direct Imprecise Undetected Low Neither favored 
Metformin vs. 
Metformin + 
TZD 

Mild, 
moderate, 
total 

10 (3,906) Medium Consistent Direct Precise Undetected High Metformin favored; 
combined OR for 
metformin plus TZD 
vs. metformin, 1.56; 
95% CI, 0.99 to 2.44 

Metformin vs. 
Metformin + 
SU 

Mild, 
moderate, 
total 

12 (3,732) Medium Consistent Direct Precise Undetected High Metformin favored; 
pooled OR for 
metformin + SU vs. 
metformin, 5.02; 95% 
CI, 2.36 to 15.01 

 Severe 2 (544) Medium Consistent Direct Imprecise Undetected Low Neither favored 
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Metformin vs. 
Metformin + 
DPP-4 
inhibitors 

Mild, 
moderate, 
total 

25 (17,011) Low Consistent Direct Precise Undetected High Neither favored; 
pooled OR for 
metformin + DPP-4 
inhibitor vs. 
metformin: 
 
Mild-moderate, 0.97; 
95% CI, 0.63 to 1.51 
 
Total, 0.92; 95% CI: 
0.43 to 1.97 

 Severe 11 (5,369) Medium Consistent Direct Imprecise Undetected Moderate Neither favored; 
pooled OR for 
metformin + DPP-4 
inhibitor vs. 
metformin, 0.63; 95% 
CI, 0.08 to 5.12 

Metformin vs. 
Metformin + 
SGLT-2 
inhibitors 

Mild, 
moderate, 
total 

9 (5,778) Low Consistent Direct Precise Undetected Moderate Metformin favored: 
pooled OR for 
metformin + SGLT-2 
inhibitor vs. 
metformin, 1.62; 95% 
CI, 0.75 to 3.49  

 Severe 6 (2,534) Medium Consistent Direct Imprecise Undetected Low Neither favored 
Metformin vs. 
Metformin + 
GLP-1 
agonists 

Mild, 
moderate, 
total 

3 (2,318) High Inconsistent Direct Precise Undetected Low Metformin favored 

 Severe 2 (1,186) High Consistent Direct Imprecise Undetected Low Neither favored 
TZD vs. SU Mild, 

moderate, 
total 

8 (6,212) Low Consistent Direct Precise Undetected High TZD favored 
Total hypoglycemia 
Pooled OR for SU 
vs. TZD: 6.31; 95% 
CI, 4.08 to 9.76 

 Severe 2 (3,304) Low Consistent Direct Precise Undetected Moderate TZD favored 
TZD vs. DPP-
4 inhibitors 

Mild, 
moderate, 
total 

3 (1,686) Low Inconsistent Direct Precise Undetected Low Neither favored  

 Severe 2 (653) Low Consistent Direct Imprecise Undetected Low Neither favored 
TZD vs. GLP-
1 agonists 

Mild, 
moderate, 
total 

1 (411) Low Unknown Direct Imprecise Undetected Low TZD favored 

 Severe 1 (411) Low Unknown Direct Imprecise Undetected Low Neither favored 
SU vs. DPP-4 Mild, 4 (1,065) Medium Consistent Direct Precise Undetected Moderate DPP-4 favored 
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inhibitors moderate, 
total 

 Severe 2 (623) Low Inconsistent Direct Imprecise Undetected Low DPP-4 favored 
SU vs. GLP-1 
agonists 

Mild, 
moderate, 
total 

5 (2,467) Medium Consistent Direct Precise Undetected Moderate GLP-1 favored for 
mild-moderate 
hypoglycemia; 

 Severe 3 (1546) High Consistent Direct Imprecise Undetected Low Neither favored 
DPP-4 
inhibitors vs. 
SGLT-2 
inhibitors 

Mild, 
moderate, 
total 

1 (670) Low Unknown Direct Imprecise Undetected Low Neither favored 

 Severe 1 (670) Low Unknown Direct Imprecise Undetected Low Neither favored 
DPP-4 
inhibitors vs. 
GLP-1 
agonists 

Mild, 
moderate, 
total 

1 (411) Low Unknown Direct Imprecise Undetected Low DPP-4 favored 

 Severe 1 (411) Low Unknown Direct Imprecise Undetected Low Neither favored 
CI = confidence interval; DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; OR = odds ratio; SGLT-2 inhibitors = sodium-
glucose co-transporter 2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione 
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Table 64. Strength of evidence domains for metformin-based combination comparisons in terms of hypoglycemia among adults with 
type 2 diabetes 
Comparison Outcome Number of 

Studies 
(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength 
of 

Evidence 

Summary 

Metformin + 
TZD vs. 
metformin + 
SU 

Mild, 
moderate, 
total 

7 (975) Medium Consistent Direct Imprecise Undetected High Metformin + TZD favored: 
Pooled OR, for metformin 
+ SU compared to 
metformin +TZD, 7.5; 
95% CI, 4.0 to 13.8 

 Severe 1 (314) Medium Unknown Direct Imprecise Undetected Low Metformin + TZD favored 
Metformin + 
TZD vs. 
metformin + 
DPP-4 
inhibitors 

Mild, 
moderate, 
total 

2 (603) Medium Consistent Direct Imprecise Undetected Low Neither drug combination 
favored 

 Severe RCT 1 (491) 
Observational 
study 1 (83) 

Medium Consistent Direct Imprecise Undetected Moderate Neither favored 

Metformin + 
TZD vs. 
metformin + 
GLP-1 
agonists 

Mild, 
moderate, 
total 

2 (415) Medium Consistent Direct Imprecise Undetected Low Neither drug combination 
favored  

 Severe 2 (415) Medium Consistent Direct Imprecise Undetected Low Neither drug combination 
favored 

Metformin + 
SU vs. 
metformin + 
DPP-4 
inhibitors 

Mild, 
moderate, 
total 

9 (6,039) Medium Consistent Direct Imprecise Undetected High  Metformin + DPP4-
inhibitors favored 

 Severe 6 (4,717) Medium Consistent Direct Imprecise Undetected High Metformin + DPP-4 
inhibitors favored 

Metformin + 
SU vs. 
metformin + 
SGLT-2 
inhibitors 

Mild, 
moderate, 
total 

3 (3,815) Low Consistent Direct Precise Undetected High Metformin + SGLT-2 
inhibitors favored 
compared to metformin 
and SU, 0.07 95% CI, 
0.03 to 0.13 for mild and 
total hypoglycemia 

 Severe 2 (1,779) Low Consistent Direct Imprecise Undetected Moderate Metformin + SGLT-2 
inhibitors favored 

Metformin + 
SU vs. 
metformin + 

Mild, 
moderate, 
total 

3 (2,557) Medium Consistent  Direct Precise  Undetected Moderate  Metformin + GLP-1 
inhibitor favored  
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GLP-1 
agonists 
 Severe 3 (2,557) Medium Inconsistent Direct Imprecise Undetected Low Neither favored 
Metformin + 
SU vs. 
metformin + 
basal insulin 

Mild, 
moderate, 
total 

1 (75) Medium Unknown Direct Imprecise Undetected Low Metformin + insulin 
favored  

 Severe 1 (75) Medium Unknown Direct Imprecise Undetected Low Neither arm favored 
Metformin + 
SU vs. 
metformin + 
premixed 
insulin 

Mild, 
moderate, 
total 

2 (827) Medium Consistent Direct Imprecise Suspected Low Neither arm favored 

 Severe 1 (597) High Unknown Direct Imprecise Suspected Insufficient Unable to draw a 
conclusion 

Metformin + 
DPP-4 
inhibitors vs. 
metformin 
+SGLT-2 
inhibitors 

Mild, 
moderate, 
total 

4 (2,889) Medium Inconsistent Direct Imprecise Undetected Low Neither arm favored 

 Severe 2 (1,359) Low Consistent Direct Imprecise Undetected Low Neither arm favored 
Metformin + 
DPP-4 
inhibitors vs. 
metformin + 
GLP-1 
agonists 

Mild, 
moderate, 
total 

3 (1,851) Medium Inconsistent  Direct Precise Undetected Low Neither arm favored  

 Severe 3 (1,851) Medium Consistent Direct Imprecise Undetected Low Neither arm favored 
Metformin + 
DPP-4 
inhibitors vs. 
metformin + 
basal insulin 

Mild, 
moderate, 
total 

1 (515) Medium Unknown Direct Precise Undetected Low Metformin + DPP-4 
inhibitor favored 

 Severe 1 (515) Medium Unknown Direct Imprecise Undetected Low Neither arm favored 
Metformin + 
GLP-1 
agonists vs. 
metformin + 
basal insulin 

Mild, 
moderate, 
total 

3 (452) Medium Consistent Direct Imprecise Undetected Moderate  Metformin + GLP-1 
agonist favored  

 Severe 2 (383) Medium Consistent Direct Imprecise Undetected Low Neither arm favored 
Metformin + 
GLP-1 
agonists vs. 

Mild, 
moderate, 
total 

1 (363) High N/A Direct Imprecise Undetected Low Metformin + GLP-1 
agonist favored 
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metformin + 
premixed 
insulin 
 Severe 1 (363) High Unknown Direct Imprecise Undetected Low Neither arm favored 
Metformin + 
basal insulin 
vs. metformin 
+ premixed 
insulin 

Mild, 
moderate, 
total 

5 (530) Medium Consistent Direct Imprecise Undetected Moderate Metformin + basal insulin 
favored 

 Severe 3 (613) Medium Consistent Direct Imprecise Undetected Low Neither arm favored 
DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
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The Evidence About Gastrointestinal Side Effects 

Monotherapy Comparisons 

Metformin Versus Thiazolidinediones 
Eight RCTs compared GI adverse events between metformin and either pioglitazone or 

rosiglitazone.45, 52, 55, 57, 60, 63, 66, 67 GI adverse events were more common with metformin 
compared with thiazolidinediones in the majority of RCTs, except for dyspepsia where the 
number of events were comparable for both treatments. More people had diarrhea and had 
nausea with metformin than thiazolidinediones (Figure 71). There was little heterogeneity 
between these studies and no overly influential studies. (SOE: Moderate; Thiazolidinediones 
favored for diarrhea and nausea) 

Figure 71. Pooled odds ratio of gastrointestinal adverse events comparing metformin with 
thiazolidinediones 

 
CI = confidence interval; Group 1 = metformin; Group 2 = thiazolidinediones; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus Sulfonylureas 
Twelve RCTs compared GI adverse events between metformin and a second-generation 

sulfonylurea.45, 67, 98-100, 102, 103, 105-107, 238, 248 GI adverse events tended to be more common with 
metformin than with sulfonylurea (Table 65). Based on meta-analyses, there were fewer GI 
adverse events with sulfonylureas than metformin for the outcomes of diarrhea (OR, 0.41; 95% 
CI, 0.28 to 0.59; I-squared, 47.5%; seven studies), abdominal pain (OR, 0.57; 95% CI, 0.40 to 
0.81; I-squared, 35.1%; four studies), nausea and vomiting (OR, 0.45; 95% CI, 0.31 to 0.65; I-
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squared, 0%; three studies) and any GI adverse event (OR, 0.48; 95% CI, 0.37 to 0.62; I-squared, 
22.0%; six studies). (SOE: Moderate; Sulfonylureas favored) 

Table 65. Studies comparing metformin with sulfonylureas on gastrointestinal adverse events 
Author, year Outcome Event rates (metformin versus 

sulfonylureas) 
Hermann, 1994103 Any GI outcome 

Abdominal pain 
Diarrhea 
Nausea 
Withdrawal for GI symptoms 

63% (24/38) versus 32% (11/34) 
18% (7/38) versus 6% (2/34) 
50% (19/38) versus 0 (0/34) 
24% (9/38) versus 9% (3/34) 
14% versus 0% 

DeFronzo, 1995106 Nausea and diarrhea 1.4% (3/210) versus 1.0% (2/209) 
Amador-Licona, 2000238 Diarrhea and abdominal pain 14.3% (4/28) for metformin; event rates are not 

reported for sulfonylurea 
Charpentier, 2001105 Diarrhea 7% (5/75) versus 1% (1/150) 
Blonde, 2002100 Nausea and vomiting 

Dyspepsia/heartburn 
Flatulence 

12.4% (19/153) versus 5.5% (9/164) 
4.6% (7/153) versus 3% (5/164) 
2% (3/153) versus 0% (0/164) 

Garber, 2002102  
Any GI outcome 
Diarrhea 
Nausea/vomiting 
Abdominal pain 
Dyspepsia 

Metformin (n = 159); glyburide (n = 160) 
43% versus 24% 
15.1% versus 4.4% 
6.3% versus 0.6% 
5% versus 3.1% 
5% versus 2.5% 

Garber, 200398 Nausea/vomiting 
Abdominal pain 
Diarrhea 

10.4% (17/164) versus 6.6% (10/151) 
6.1% (10/164) versus 4% (6/151) 
18% (30/164) versus 5.3% (18/151) 

Goldstein, 200399 Diarrhea 17.3% (13/75) versus 13.1% (11/84) 
Derosa, 2004248 Nausea and diarrhea 2.4% (2/75) versus 0% (0/73) 
Kahn, 200645 Combined GI events 

Nausea 
Vomiting 
Diarrhea 
Abdominal discomfort 

38% (557/1454) versus 22% (316/1441) 
11.7% (170/1454) versus 6.9% (99/1441) 
5.8% (84/1454) versus 3.1% (45/1441) 
23.7% (345/1454) versus 9.9% (142/1441) 
15.4% (224/1454) versus 11.3% (163/1441) 

Chien, 2007107 Combined GI events 32% (8/25) versus 13% (3/23) 
Yoon, 201167 Diarrhea 

Discomfort, pain, nausea or  
 vomiting 

8.8% (10/114) versus 3.4% (4/118) 
8.8% (10/114) versus 8.5% (10/118) 

GI = gastrointestinal 

Metformin Versus DPP-4 Inhibitors 
Six RCTs compared metformin with a DPP-4 inhibitor and reported on GI adverse events.66, 

74, 76-79 Metformin had more GI adverse events compared with each of the DPP-4 inhibitors 
(Figure 72). One trial identified solely in ClinicalTrials.gov had results consistent with the 
published studies (NCT01076088). We combined the three studies with similar study durations 
and dosages for nausea and diarrhea. We did not combine “any” GI adverse event outcomes 
since study durations were not sufficiently similar. Based on meta-analyses, there were fewer 
nausea outcomes for DPP-4 inhibitors compared with metformin (pooled OR, 2.7; 95% CI, 1.1 to 
6.6; I-squared, 4%; three studies) and fewer diarrhea outcomes (pooled OR, 2.6, 95% CI, 1.2 to 
5.5; I-squared, 25%; three studies). The excluded longer studies were consistent with the findings 
favoring DPP-4 inhibitors over metformin (Figure 72). (SOE: High; DPP-4 inhibitors favored) 
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Figure 72. Odds ratio of gastrointestinal adverse events comparing metformin with DPP-4 
inhibitors 

  
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = dipeptidyl peptidase-4 inhibitors; OR 
= odds ratio 
Boxes indicate individual study point estimates. The width of the horizontal lines represents the 95 percent confidence intervals 
for each study.  

Metformin Versus SGLT-2 Inhibitors 
Three trials (published in two articles) compared metformin with dapagliflozin.80, 81 One trial 

compared metformin with empagliflozin,227 Diarrhea and nausea tended to be more common 
with metformin than with the SGLT-2 inhibitors (Figure 73). We did not pool the trials due to 
dosage differences. (SOE: Low; SGLT-2 inhibitors favored for diarrhea and nausea) 
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Figure 73. Odds ratio of gastrointestinal adverse events comparing metformin with SGLT-2 
inhibitors 

 
CI = confidence interval; Dapa = dapagliflozin; Empa = empagliflozin, Group 1 = metformin; Group 2 = sodium-glucose co-
transporter-2 inhibitors; OR = odds ratio; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The width of the horizontal lines represents the 95 percent confidence intervals 
for each study. 

Metformin Versus GLP-1 Agonists 
Two trials compared metformin with exenatide.66, 84 One trial compared metformin with 

once-weekly subcutaneously injected 0.75 mg or 1.5 mg of dulaglutide.83 Diarrhea non-
significantly differed between metformin and GLP-1 agonists (OR, 0.78; 95% CI, 0.54 to 1.14; I-
squared, 0%; three studies). However, nausea (OR, 1.28 and 1.71), vomiting (pooled OR, 1.73; 
95% CI, 1.01 to 2.95; I-squared 0%; three studies) and dyspepsia (OR, 2.33) were more common 
with the GLP-1 agonists (Figure 74). (SOE: Low; GLP-1 agonists favored for diarrhea; SOE: 
Moderate; Metformin favored for nausea) 
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Figure 74. Odds ratio of gastrointestinal adverse events comparing metformin with GLP-1 
agonists 

 
CI = confidence interval; GLP-1 = glucagon-like peptide-1; Group 1 = metformin; Group 2 = glucagon-like peptide-1 agonists; 
OR = odds ratio 
Boxes indicate individual study point estimates. The width of the horizontal lines represents the 95 percent confidence intervals 
for each study. 

Metformin Versus a Combination of Metformin Plus a Thiazolidinedione 
Ten RCTs compared the rates of GI adverse events with metformin to a combination of 

metformin and a thiazolidinedione. Diarrhea tended to be more common among the metformin 
monotherapy group (OR, 0.59; 95% CI, 0.45 to 0.76; I-squared, 16.4%; five studies), with no 
consistent differences in other GI-related adverse events (Figure 75).52, 60, 86-90, 94, 96, 234 Dose of 
metformin was generally similar in both arms within trials and differences in dose between trials 
did not appear to impact the GI adverse events. (SOE: Low; Combination of metformin plus a 
thiazolidinedione favored for diarrhea; neither favored for other GI-related outcomes) 

190 



Figure 75. Odds ratio of gastrointestinal adverse events comparing metformin with a combination 
of metformin plus a thiazolidinedione 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus a thiazolidinedione; mg = milligrams; 
OR = odds ratio 
Boxes indicate individual study point estimates. The width of the horizontal lines represents the 95 percent confidence intervals 
for each study. 

Metformin Versus a Combination of Metformin Plus a Sulfonylurea 
Twelve RCTs examined GI adverse events comparing metformin to metformin plus a 

second-generation sulfonylurea.42, 98-100, 102, 103, 105-110 GI-related adverse events may be more 
common with monotherapy than with combination therapy (Figure 76). For the outcomes with at 
least 3 studies, the pooled OR were 0.66 (95% CI, 0.34 to 1.28; I-squared, 0%; three studies) for 
diarrhea. We did not combine the four studies reporting on any GI adverse event due to 
differences in study duration and dosing differences. Two of the studies used lower doses of 
metformin with combination therapy compared with monotherapy.42, 98 Studies that reported on 
combinations of adverse events that did not conform with the definition of “any” adverse event, 
which were diarrhea, nausea, vomiting or pain, are not included in the summary figure. (SOE: 
Low; Combination of metformin plus a sulfonylurea favored) 
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Figure 76. Odds ratio of gastrointestinal adverse events comparing metformin with a combination 
of metformin plus a sulfonylurea* 

 
CI = confidence interval; GI = gastrointestinal; Group 1 = metformin; Group 2 = combination of metformin plus a sulfonylurea; 
mg = milligrams; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study. The width of the horizontal lines 
represents the 95 percent confidence intervals for each study. 
*Studies with more than one dosing arm under the same gastrointestinal outcome are reported twice in the figure to demonstrate 
effects of different dosing arms 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
Three RCTs compared metformin with metformin plus alogliptin.76, 123, 126 Four RCTs 

compared metformin with metformin plus linagliptin.78, 108, 121, 124 Six RCTs compared GI 
adverse events between metformin and metformin plus saxagliptin.79, 113, 115, 116, 120, 129 Twelve 
RCTs compared GI adverse events between metformin and metformin plus sitagliptin.77, 87, 110-112, 

114, 117, 118, 122, 125, 128, 247  
There were inconsistent findings for GI-related adverse events depending on the outcome 

examined. There was no difference between groups for abdominal pain, nausea, and any GI-
related adverse event (Figure 77 and Figure 78). Diarrhea tended to occur more often with 
metformin monotherapy, although there was no statistically significant difference (Figure 79). 
Vomiting tended to occur less often with metformin monotherapy, although there were no 
statistically significant differences (Figure 80). 

Two trials were identified solely in ClinicalTrials.gov (NCT00960076; NCT01076088). One 
found less diarrhea with metformin monotherapy compared with metformin combined with 
saxagliptin (3.5% vs 5.8%). The other trial (NCT01076088) reported similar numbers of 
individuals with GI-related adverse events in the metformin monotherapy group (9 people 
reported diarrhea; 4 reported nausea) and the metformin plus sitagliptin group (4 diarrhea; 8 
nausea). (SOE: Low for any GI-related adverse event, Moderate for nausea, High for diarrhea; 
Neither favored for all outcomes)  
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Figure 77. Pooled odds ratio of abdominal pain or nausea comparing metformin with a 
combination of metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = combination of metformin plus a 
dipeptidyl peptidase-4 inhibitor; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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Figure 78. Pooled odds ratio of any gastrointestinal-related adverse event comparing metformin 
with a combination of metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = combination of metformin plus a 
dipeptidyl peptidase-4 inhibitor; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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Figure 79. Pooled odds ratio of diarrhea comparing metformin with a combination of metformin 
plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = combination of metformin plus a 
dipeptidyl peptidase-4 inhibitor; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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Figure 80. Pooled odds ratio of vomiting comparing metformin with a combination of metformin 
plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = combination of metformin plus a 
dipeptidyl peptidase-4 inhibitor; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
One RCT compared diarrhea and nausea with metformin to metformin combined with 

canagliflozin.125 Four RCTs (published in three articles) compared diarrhea and nausea with 
metformin to metformin combined with dapagliflozin.80, 134, 135 One RCT compared metformin to 
metformin combined with empagliflozin.122 There were no consistent differences in diarrhea 
between arms. Nausea tended to be more common with combination therapy, although the 
finding was not statistically significant (Figure 81). (SOE: Moderate; Neither favored for 
diarrhea, metformin favored for nausea) 
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Figure 81. Pooled odds ratio of gastrointestinal adverse events comparing metformin with a 
combination of metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; Group 1 = metformin; Group 2 = metformin plus a sodium-glucose co-transporter-2 inhibitor; OR = 
odds ratio; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a GLP-1 Agonist 
Three RCTs compared metformin to metformin plus a GLP-1 agonist.110, 128, 247 Metformin 

plus a GLP-1 agonist showed no clear differences between groups in GI-related adverse events 
compared with metformin alone, except in the study using alogliptin where there were two-fold 
more adverse GI events in the combination arm (Figure 82).128 (SOE: Low; Neither favored) 
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Figure 82. Odds ratio of gastrointestinal adverse events comparing metformin with a combination 
of metformin plus a GLP-1 agonist 

 
CI = confidence interval; GLP-1 = glucagon-like peptide-1; Group 1 = metformin; Group 2 = metformin plus a glucagon-like 
peptide-1 agonist; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study. The width of the horizontal lines 
represents the 95 percent confidence intervals for each study.  

Thiazolidinediones Versus Sulfonylureas 
Five RCTs compared diarrhea occurrence with pioglitazone or rosiglitazone to either 

glyburide, glibenclamide or glimepiride and showed no differences between treatments (Figure 
83).45, 67, 140, 141, 201 Studies of diarrhea were not combined in a meta-analysis diarrhea due to 
differences in study duration. (SOE: High; Neither favored) 
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Figure 83. Odds ratio of gastrointestinal adverse events comparing thiazolidinediones with 
sulfonylureas 

 
CI = confidence interval; Group 1 = thiazolidinediones; Group 2 = sulfonylureas; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study. The width of the horizontal lines 
represents the 95 percent confidence intervals for each study.  

Thiazolidinediones Versus DPP-4 Inhibitors 
Two trials compared pioglitazone with sitagliptin with no meaningful difference between 

treatments for GI-related adverse events.43, 66 
One trial identified solely in ClinicalTrials.gov (NCT01183013) reported no cases of diarrhea 

or vomiting in any of the 134 participants receiving pioglitazone 45 mg daily or the 130 
participants receiving linagliptin 5 mg daily. (SOE: Low; Neither favored) 

Thiazolidinediones Versus GLP-1 Agonists 
One trial compared pioglitazone with exenatide for outcomes of diarrhea, dyspepsia, nausea 

and vomiting.66 Exenatide-treated participants tended to have more diarrhea, dyspepsia and 
nausea than those receiving pioglitazone. 

A trial identified from ClinicalTrials.gov (NCT01147627) reported significantly more GI-
related adverse events with exenatide compared with pioglitazone (37/142 versus 1/136 for 
nausea; 15/142 versus 1/136 for vomiting; 6/142 versus 4/136 for diarrhea). (SOE: Low; 
Thiazolidinediones favored) 

Sulfonylureas Versus DPP-4 Inhibitors 
One RCT compared glipizide (n=212) with sitagliptin (n=210).152  At 58 weeks, the trial 

authors stated that there were no significant differences between treatments for outcomes of 
abdominal pain, diarrhea and vomiting, but that sitagliptin-treated participants had statistically 
significantly less nausea (P = 0.025), although the number or percent of individuals with nausea 
was not reported. 
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One RCT compared glimepiride with linagliptin.151 By 34 weeks, 9 percent of individuals on 
each drug had an unspecified GI-related adverse event. 

One trial was identified only in ClinicalTrials.gov (NCT01006603). A comparable number of 
GI-related adverse events occurred with glimepiride and with saxagliptin (19/359 verses 15/359 
for diarrhea; 8/359 versus 4/359 for nausea). (SOE: Low; Neither favored) 

Sulfonylureas Versus GLP-1 Agonists 
Three RCTs compared GI-related adverse events between glibenclamide and liraglutide.154, 

155, 158 GI-related adverse events were more common with GLP-1 agonists (Figure 84). (SOE: 
Low; Sulfonylureas favored) 

Figure 84. Pooled odds ratio of gastrointestinal adverse events comparing sulfonylureas with 
GLP-1 agonists 

 
CI = confidence interval; GLP-1 = glucagon-like peptide-1; Group 1 = sulfonylureas; Group 2 = glucagon-like peptide-1 
agonists; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study. The width of the horizontal lines 
represents the 95 percent confidence intervals for each study. The diamond at the bottom of the graph indicates the 95 percent 
confidence interval for the random-effects pooled estimate. 

DPP-4 Inhibitors Versus GLP-1 Agonists 
One RCT compared sitagliptin to exenatide.66 At 26 weeks, there tended to be more diarrhea 

(5.5% vs 10.9%), dyspepsia (1.8% vs 7.3%), nausea (3.7% vs 11.3%), and vomiting (1.8% vs 
4.8%) with exenatide than sitagliptin. (SOE: Low; DPP-4 inhibitors favored) 
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Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

Five RCTs examined GI adverse events between metformin plus a thiazolidinedione and 
metformin plus a sulfonylurea with little difference in GI-related adverse events between groups 
(Table 66).160, 163, 165, 166, 257 (SOE: Moderate; Neither favored) 

Table 66. Randomized controlled trials comparing a combination of metformin plus a 
thiazolidinedione with a combination of metformin plus a sulfonylurea on gastrointestinal adverse 
events 

Author, year Outcome Event rates (metformin plus thiazolidinedione 
versus metformin plus sulfonylurea) 

Derosa, 2005257 Flatulence 4.2% (2/48) versus 2.1% (1/47) 
Garber, 2006165 Combined GI events 

Diarrhea 
Abdominal pain 

10% (16/155) versus 11% (18/159) 
3% (5/155) versus 6% (10/159) 
4% (6/155) versus 6% (10/159) 

Umpierrez, 2006163 Diarrhea 4.7% (5/104) versus 6% (6/96) (no difference) 
Hamann, 2008160 Combined GI events 13% (38/294) versus 18% (54/301) 
Maffioli, 2013166 Withdrawal due to 

nausea 
1% (1/86) versus 1% (1/84) 

GI = gastrointestinal 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Three RCTs compared GI adverse events in the combination of metformin plus pioglitazone 
or rosiglitazone versus the combination metformin plus sitagliptin.87, 172, 173 Diarrhea and nausea 
tended to be more common with sitagliptin in one trial,173 but there was only one occurrence of 
each (4%) in the sitagliptin group (and none reported in the pioglitazone group) in the other 
trial.172 In the third trial, six out of 87 patients in the metformin plus rosiglitazone arm and one 
out of 94 patients in the metformin plus sitagliptin arm experienced a GI- related adverse event, a 
difference that was close to statistically significant.87 (SOE: Low; Neither favored) 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

One RCT compared diarrhea, nausea, and vomiting in the combination of metformin plus 
pioglitazone versus the combination metformin plus exenatide at 26 weeks.173 There was more 
diarrhea (7% vs 18%), nausea (5% vs 24%), and vomiting (3% vs 11%) in the group receiving 
exenatide; all differences are statistically significant. (SOE: Moderate; Combination of 
metformin plus a thiazolidinedione favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Five RCTs compared diarrhea, abdominal pain, nausea, vomiting, and unspecified adverse 
events with metformin plus glipizide or glimepiride to metformin plus linagliptin, sitagliptin, or 
saxagliptin with no difference between treatments (Figure 85).108, 110, 177-179 The OR for the three 
trials with similar study duration reporting on diarrhea was 0.98 (95% CI, 0.67 to 1.42; I-
squared, 11%).110, 178, 179 No single study strongly influenced the results, and no substantial 
heterogeneity was identified. 
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One trial was identified in ClinicalTrials.gov (NCT00856284) that randomized 869 people to 
metformin plus 5 mg of glipizide and 378 to metformin plus 25 mg of alogliptin. Metformin plus 
alogliptin had more GI-related adverse events (32 nausea, 1 severe vomiting, 60 diarrhea), than 
metformin plus glipizide (20 nausea and 63 diarrhea). No severe diarrhea was described in either 
group. (SOE: High; Neither favored) 

Figure 85. Odds ratio of gastrointestinal adverse events comparing a combination of metformin 
plus a sulfonylurea with a combination of metformin plus a DPP-4 inhibitor 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = a combination of metformin plus a sulfonylurea; Group 2 = 
a combination of metformin plus a dipeptidyl peptidase-4 inhibitor; Met = metformin; OR = odds ratio; SU = sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study. The width of the horizontal lines 
represents the 95 percent confidence intervals for each study.  

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Two RCTs compared diarrhea and nausea with metformin plus glipizide or glimepiride to 
metformin plus dapagliflozin or empagliflozin.182, 183 There was little difference between 
treatments. 

One trial identified from ClinicalTrials.gov (NCT01368081) reported no significant 
difference in the number of individuals with diarrhea with metformin plus sulfonylurea (5 of 63) 
and metformin plus empagliflozin (4 of 65). (SOE: Low; Neither favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Three RCTs compared metformin plus glibenclamide or glimepiride to metformin plus 
albiglutide or exenatide for diarrhea, nausea, or vomiting with a similar and low incidence of 
adverse events in one trial of exenatide (diarrhea: 1/65 versus 2/63; vomiting: 1/65 versus 
1/63;),188 but a greater percentage of individuals with GI-related adverse events with exenatide in 
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another trial (diarrhea: 7% vs 12%; nausea: 2% vs 29%; vomiting: 2% vs 9%).185 Diarrhea and 
nausea were more common with albiglutide (diarrhea: 7 vs 10/person-year; nausea: 4 vs 
10/person-year; unspecified adverse events: 85 vs 110/person-year; vomiting: 4% vs 6%).110 
(SOE: Low; Combination of metformin plus a sulfonylurea favored) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Two trials compared metformin plus sitagliptin to metformin plus different doses of 
canagliflozin or empagliflozin.122, 125 Diarrhea and nausea were reported for the canagliflozin 
comparisons and dyspepsia was reported for the empagliflozin comparisons. There were no clear 
differences in GI-related side effects for either medication. (SOE: Low; Neither favored) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Four trials reported on GI-related adverse events comparing metformin plus sitagliptin to 
metformin plus albiglutide, dulaglutide, or exenatide.110, 128, 173, 247 There were more GI-related 
adverse events with GLP-1 agonists in two of the four trials (Figure 86). (SOE: Moderate; 
Combination of metformin plus a DPP-4 inhibitor favored) 

Figure 86. Odds ratio of gastrointestinal adverse events comparing a combination of metformin 
plus a DPP-4 inhibitor with a combination of metformin plus a GLP-1 agonist 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; Group 1 = combination of 
metformin plus a dipeptidyl peptidase-4 inhibitor; Group 2 = combination of metformin plus a glucagon-like peptide-1 agonist; 
Met = metformin; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study. The width of the horizontal lines 
represents the 95 percent confidence intervals for each study. 
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Combination of Metformin Plus a GLP-1 Agonist Versus a Combination of 
Metformin Plus a Basal Insulin 

One trial compared abdominal distention, diarrhea, nausea, vomiting, and the composite of 
these outcomes with metformin plus exenatide to metformin plus insulin glargine at 168 weeks.47 
There were more occurrences of GI-related adverse events for the composite outcome in the 
group receiving exenatide (43% versus 16%) and no difference in vomiting between the groups 
(10% versus 8%). Abdominal distention, diarrhea, and nausea were only reported for exenatide 
(5%, 5%, and 38%), preventing a comparison between groups. (SOE: Low; Combination of 
metformin plus a basal insulin favored) 

Combination of Metformin Plus a GLP-1 Agonist Versus a Combination of 
Metformin Plus a Premixed Insulin 

One trial compared diarrhea, dyspepsia, nausea and vomiting with metformin plus exenatide 
to metformin plus insulin aspart 70/30 at 26 weeks.196 There was no difference in diarrhea 
between the treatments (11% versus 8%). Differences between groups for the other outcomes 
could not be evaluated because they were only reported for exenatide (6% dyspepsia; 19% 
nausea; 10% vomiting). (SOE: Insufficient; Unable to determine effect) 

Combination of Metformin Plus a Basal Insulin Versus a Combination of 
Metformin Plus a Premixed Insulin 

One RCT compared diarrhea incidence with metformin in a combination regimen with either 
insulin glargine or with lispro and neither arm was favored.197 

One trial was reported only in ClinicalTrials.gov (NCT01068652). Of the 200 people who 
received metformin plus insulin detemir, 13 had diarrhea compared with 15 of 203 in the 
metformin plus biphasic insulin aspart 30 group. (SOE: Low; Neither favored) 

Strength of Evidence for Gastrointestinal Side Effects 
The strength of evidence for the comparative effects of monotherapy and metformin-based 

combinations are presented in Table 67 and Table 68 and summarized in the key points. All 
studies were RCTs. Study limitations for most comparisons in the strength of evidence table 
were graded as low or medium with only two comparisons graded as having high study 
limitations due to lack of description of randomization or blinding or failure to describe 
withdrawals or dropouts. In general, we did not find strong relative differences in outcomes by 
study quality. We did not find any evidence of publication bias comparing results published in 
peer-reviewed journals to results published on ClinicalTrials.gov. We considered GI side effects 
a direct outcome because they were measured directly. The most common reasons for 
downgrading the evidence were imprecision, inconsistency and study limitations. 
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Table 67. Strength of evidence domains for monotherapy comparisons in terms of gastrointestinal side effects among adults with type 2 
diabetes 

Comparison Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. TZD 8 (6,250) Medium Consistent Direct Precise Undetected Moderate TZD favored for diarrhea 
and nausea  

Metformin vs. SU 12 (6094) Medium Consistent Direct Imprecise Undetected Moderate SU favored for GI-related 
adverse events 

Metformin vs. DPP-4 
inhibitors 

6 (5,842) Low Consistent Direct Precise Undetected High DPP-4 inhibitors favored 

Metformin vs. SGLT-2 
inhibitors 

4 (2,041) Medium Consistent Direct Imprecise Undetected Low SGLT-2 inhibitors favored 
for diarrhea and nausea 

Metformin vs. GLP-1 
agonists 

3 (879) Low Inconsistent Direct Imprecise 
for diarrhea; 
Precise for 
nausea/ 
vomiting 

Undetected Low for 
diarrhea; 
Moderate for 
nausea/ 
vomiting 

GLP-1 agonists favored 
for diarrhea; Metformin 
favored for nausea 

Metformin vs. 
metformin + TZD 

10 (3,878) Medium Consistent Direct Imprecise Undetected Low Metformin + TZD favored 
for diarrhea; Neither 
favored for other GI-
related outcomes 

Metformin vs. 
metformin + SU 

12 (4,317) Low Inconsistent Direct Imprecise Undetected Low Metformin + SU favored 
for GI-related adverse 
events 

Metformin vs. 
metformin + DPP-4 
inhibitors 

25 (13,685) Low Inconsistent Direct Imprecise Undetected Low for any 
GI-related 
adverse 
event; 
Moderate for 
nausea; 
High for 
diarrhea 

Neither favored 
 

Metformin vs. 
metformin + SGLT-2 
inhibitors 

6 (2,918) Low Consistent Direct Imprecise Undetected Moderate Neither favored for 
diarrhea, Metformin 
favored for nausea 

Metformin vs. 
metformin + GLP-1 
agonists 

3 (2,377) Low Inconsistent Direct Imprecise Undetected Low Neither favored 

TZD vs. SU 5 (6,432) Low Consistent Direct Precise Undetected High Neither favored 
TZD vs. DPP-4 
inhibitors 

2 (1,031) Low Inconsistent Direct Imprecise Undetected Low Neither favored 
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Comparison Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

TZD vs. GLP-1 
agonists 

1 (820) Low Not 
applicable 

Direct Not 
evaluated 

Undetected Low TZD favored 

SU vs. DPP-4 
inhibitors 

2 (653) Low Inconsistent Direct Imprecise Undetected Low Neither favored 

SU vs. GLP-1 agonists 3 (1,568) High Consistent Direct Precise Undetected Low SU favored 
DPP-4 inhibitors vs. 
GLP-1 agonists 

1 (820) Low Not 
applicable 

Direct Not 
evaluated 

Undetected Low DPP-4 inhibitors favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
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Table 68. Strength of evidence domains for metformin-based combination comparisons in terms of gastrointestinal side effects among 
adults with type 2 diabetes 

Comparison Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + TZD vs. 
metformin +SU 

5 (1,382) Low Consistent Direct Precise Undetected Moderate Neither favored 

Metformin + TZD vs. 
metformin +DPP-4 
inhibitors 

3 (747) Low Inconsistent Direct Imprecise Undetected Low Neither favored 

Metformin + TZD vs. 
metformin +GLP-1 
agonists 

1 (514) Low Not 
applicable 

Direct Imprecise Undetected Moderate Metformin + TZD 
favored 

Metformin + SU vs. 
metformin +DPP-4 
inhibitors 

5 (4,964) Low Consistent Direct Precise Undetected High Neither favored 

Metformin + SU vs. 
metformin +SGLT-2 
inhibitors 

2 (2,363) Low Consistent Direct Imprecise Undetected Low Neither favored 

Metformin + SU vs. 
metformin +GLP-1 
agonists 

3 (2,018) Medium Inconsistent Direct Imprecise Undetected Low Metformin + SU 
favored 

Metformin + DPP-4 
inhibitors vs. metformin + 
SGLT-2 inhibitors 

2 (946) Medium Not 
applicable 

Direct Not 
evaluated 

Undetected Low 
 
 

No difference 

Metformin + DPP-4 
inhibitors vs. metformin + 
GLP-1 agonists 

4 (2,891) Medium Consistent Direct Precise Undetected Moderate Metformin + DPP-4 
inhibitors favored 

Metformin + GLP-1 
agonists vs. metformin + 
basal insulin 

1 (69) Medium Not 
applicable 

Direct Imprecise Undetected Low Basal insulin favored 

Metformin + GLP-1 
agonists vs. metformin + 
premixed insulin 

1 (363) High Not 
applicable 

Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + basal insulin 
vs. metformin + premixed 
insulin 

1 (317) Medium Not 
applicable 

Direct Imprecise Undetected Low Neither favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
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The Evidence About Cancer 

Monotherapy Comparisons 

Metformin Versus Thiazolidinediones 
A single retrospective cohort study from the England Cancer Registry reported no difference 

in non-melanoma cancer risk for thiazolidinediones (N=31,372) versus metformin (N=109,708) 
users (adjusted RR, 0.96; 95% CI, 0.81 to 1.13, P not reported) over 4 years of followup.241 (Not 
graded) 

Metformin Versus Sulfonylureas 
Three retrospective cohort studies compared cancer outcomes for metformin and 

sulfonylurea users (Table 69).208, 240, 241 Two studies reported no difference between metformin 
and sulfonylurea users.208, 241 The other only provided results stratified by statin use, indicating a 
possible interaction with statin use.240 (SOE: Low; Neither favored) 

Table 69. Retrospective cohort studies comparing metformin with sulfonylureas on cancer 
Author, year Population Followup Outcome Results 
van Staa, 
2012241 

England Cancer Registry 
[n=68,209 (sulfonylurea);  
n=109,708 (metformin)] 

4-5 years Non-melanoma 
cancer 

HR 1.03; 95% CI, 0.91 to 1.17 
Reference=metformin 

Andersson, 
2010208 

Danish Patient Registry 
Patients with heart 
failure 
(N=5,852) 

10 years Death from 
cancer 

HR 1.01; 95% CI, 0.72 to 1.43 
Reference=sulfonylurea 

Lehman, 
2012240 

Veterans Health 
Administration 
[n=533 (metformin-
statin); n=2404 
(sulfonylurea-statin); 
n=175 (metformin-no 
statin); n=1,930 
(sulfonylurea-no statin)] 

270.4 weeks Incident prostate 
cancer 

Statin users HR 0.69; 95% CI, 
0.5 to 0.92, P = 0.01 
Reference=sulfonylurea 
Non users of statins HR 2.15; 
95% CI, 1.83 to 2.52, P < 
0.0001 
Reference=sulfonylurea 

CI = confidence interval; HR = hazard ratio 

Metformin Versus DPP-4 Inhibitors 
Two RCTs of metformin plus placebo (N=510) versus a DPP-4 inhibitor plus placebo 

(N=514) evaluated cancer outcomes.77, 79 Each reported a single cancer event; one death due to 
pancreatic neoplasm/sepsis79 and one occurrence of esophageal cancer77 in the metformin arms. 
Neither study reported on cancer in the DPP-4 inhibitor arm.77, 79 Followup ranged from 7679 to 
104 weeks.77 (SOE: Low; Neither favored) 

Metformin Versus SGLT-2 Inhibitors 
A single RCT (N=404) of metformin plus placebo versus dapagliflozin plus placebo with 24 

weeks of followup reported on occurrence of cancer.80 The RCT reported no bladder cancer in 
either arm and a single case of breast cancer in the SGLT-2 arm; breast cancer was not reported 
on in the metformin arm.80 (SOE: Insufficient; Unable to determine effect) 
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Metformin Versus a Combination of Metformin Plus a Sulfonylurea 
A single RCT compared metformin (N=101) with metformin plus glimepiride (N=307) and 

reported no cases of thyroid cancer in either arm at 104 weeks.110 Of note, withdrawal rates were 
greater than 30% across arms, and the investigators did not use an intention-to-treat analysis. 
(SOE: Insufficient; Unable to determine effect) 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
Six RCTs compared metformin with metformin plus a DPP-4 inhibitor.77, 79, 110, 111, 123, 128 We 

did not combine these studies in a meta-analysis because of lack of consistent ascertainment of 
and reporting on cancer outcomes; and when reported, heterogeneous definitions of cancer 
outcomes (Table 70). Three studies had more than 1 year of followup.77, 79, 110 Of these, the RCT 
with active ascertainment reported two cases of thyroid cancer in the metformin plus DPP-4 
inhibitor arm (0.7%) and none in the metformin arm (0.0%) at 104 weeks.110 Results were mixed 
across the other studies, with many arms not reporting on cancer outcomes. (SOE: Insufficient; 
Unable to determine effect) 

Table 70. Randomized controlled trials comparing metformin with a combination of metformin 
plus a DPP-4 inhibitor on cancer 

Author, year Followup 
(weeks) 

Outcome  Active/Passive 
Ascertainment 

Metformin 
Events/n (%)  

Metformin + 
DPP-4 inhibitor 

Events/n (%) 
Nauck, 2009123 26 Discontinuation 

because of prostate 
cancer 

Passive NR/104 Alogliptin 12.5 mg: 
1/213 (0.5) 
 
Alogliptin 25 mg: 
NR/210 

  Discontinuation 
because of 
endometrial cancer 

Passive NR/104 Alogliptin 12.5 mg: 
1/213 (0.5) 
 
Alogliptin 25 mg: 
NR/210 

Nauck, 2014128* 26 Thyroid cancer NR 0/177 (0) 0/315 (0) 
Raz, 2008111 30 Cases of cancer Active 3/94 (3) 0/96 (0) 
Pfutzner, 201179 76 Death due to 

pancreatic 
neoplasm/sepsis 

NR 1/328 (0.3) Saxagliptin 5 mg: 
NR/320 
Saxagliptin 10 mg: 
NR/323 

Ahren, 2014110 104 Thyroid cancer Active 0/101 (0) 2/302 (0.7) 
Williams-Herman, 
201077 

104 Esophageal cancer NR Metformin 1000 
mg: 1/182 (0.5)  
 
 
Metformin 2000 
mg: NR/182 

Metformin 2000 
mg + sitagliptin 
100 mg: NR/182  
 
Metformin 1000 
mg + sitagliptin 
100 mg: NR/190 

DPP-4 = dipeptidyl peptidase-4; mg = milligram; NR = not reported 
*Cancer outcome at 52 weeks not reported in the metformin arm and none reported in the MET+DPP-4 arm 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Four RCTs compared metformin with metformin plus an SGLT-2 inhibitor and reported on 

cancer outcomes (Table 71).80, 132, 134, 135 Reporting of cancer was incomplete for many studies, 
and studies did not report on whether there was active ascertainment for cancer outcomes. 
Therefore, we did not perform a meta-analysis for this comparison (Table 71). Cancer outcomes 
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were rare but appeared to occur at similar rates in the treatment arms; most studies were small 
and less than 1 year in duration. (SOE: Low; Neither favored) 

Table 71. Randomized controlled trials comparing metformin with a combination of metformin 
plus a SGLT-2 inhibitor on cancer 

Author, year Followup 
(weeks) 

Outcome  Active/Passive 
Ascertainment 

Metformin  
Events/n 

(%) 

Metformin + SGLT-2 
inhibitor 

Events/n (%) 
Qiu, 2014132 18 Colon cancer NR NR/93 Canagliflozin 100 mg: 

NR/93 
 
Canagliflozin 300 mg: 
1/93 (1.1) 

Henry, 201280 24 Bladder malignancy NR 0/201 (0) 0/194 (0) 
Bolinder, 2012134 50 Prostatic cancer or 

prostatic adenoma 
NR 1/91 (1.1) 1/91 (1.1) 

  Basal cell carcinoma NR 1/91 (1.1) NR/91 

  Breast cancer leading 
to discontinuation 

NR 0/91 (0) 1/91 (1.1) 

Bailey, 2013135 102 Unspecified adverse 
event (lung cancer) 

NR 1/137 (0.7) Dapagliflozin 2.5 mg: 
NR/137  
 
Dapagliflozin 5 mg: 
1/137 (0.7) 
(bladder cancer) 
 
Dapagliflozin 10 mg: 
1/135 (0.7) (breast 
cancer)  

mg = milligram; NR = not reported; SGLT-2 = sodium-glucose co-transporter-2 

Metformin Versus a Combination of Metformin Plus a GLP-1 Agonist 
Two RCTs compared metformin with metformin plus a GLP-1 agonist and reported on 

cancer outcomes.110, 128 One trial did active surveillance for thyroid cancer and reported one case 
of follicular thyroid cancer in the metformin plus albiglutide arm (1/302, 0.3%) and no cases 
(0/101, 0.0%) in the metformin arm at 104 weeks.110 The 52-week RCT reported no cases of 
thyroid cancer in the metformin plus dulaglutide arms (metformin plus dulaglutide 0.75 
mg/week, n=302; metformin plus dulaglutide 1.5 mg/week, n=304) and did not report on thyroid 
cancer in the metformin arm (n=177).128 (SOE: Low; Neither favored) 

Thiazolidinediones Versus Sulfonylureas 
A 56-week, multi-center trial in the US, including Puerto Rico, reported two events of stage 

IV colon cancer (2/251, 0.8%) in the sulfonylurea arm and none in the thiazolidinedione arm 
(0/251, 0.0%).141 (SOE: Low; Thiazolidinediones favored) 

Sulfonylureas Versus DPP-4 Inhibitors 
Two RCTs compared sulfonylurea with DPP-4 inhibitor monotherapy and reported on cancer 

outcomes collected through passive ascertainment.151, 152 One 52-week RCT reported one case of 
colon cancer in the glimepiride arm (1/76, 1.3%) and did not report on cancer in the linagliptin 
arm (n=151).151 The other RCT compared glipizide with sitagliptin among participants with at 
least moderate renal insufficiency and reported five cases of cancer in the sitagliptin arm (5/210, 
2.3%) and none in the sulfonylurea arm (0/212, 0.0%) over 58 weeks of follow up.152 In that 
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study, cancer cases were chronic myeloid leukemia in a participant with baseline leukocytosis, 
breast cancer diagnosed after 4 days of sitagliptin initiation, lung cancer in a participant with 40 
pack-years of smoking, a pancreatic mass, and a case of polycythemia vera in a participant with a 
germline JAK-2 mutation.152 (SOE: Insufficient; Unable to determine effect) 

Sulfonylureas Versus GLP-1 Agonists 
One RCT compared glimepiride with liraglutide and reported on cancer outcomes with 104 

weeks of followup, but did not report if ascertainment was active.158 Two cases of breast cancer 
occurred in the liraglutide 1.8 mg arm (2/251, 0.8%) and two cases of thyroid tumors (one 
benign thyroid neoplasm and one papillary thyroid cancer) in the liraglutide 1.2 mg arm (1/247, 
0.4%); cancer outcomes were not reported on in the sulfonylurea arm (N=248).158 These events 
were reported if they were considered to be possibly related to the trial drug.158 (SOE: 
Insufficient; Unable to determine effect) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

One 24-week RCT compared the combination of moderately-dosed metformin plus 
pioglitazone with the combination of moderately-dosed metformin plus glimepiride and reported 
on cancer outcomes, but whether ascertainment was active was not reported.170 A single case of 
prostate cancer occurred in the metformin plus glimepiride arm (1/142, 0.7%), and cancer was 
not reported on in the metformin plus pioglitazone arm (n=146).170 More than 20% of 
participants withdrew from each arm.170 (SOE: Insufficient; Unable to determine effect) 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

A single 26-week RCT compared the combination of metformin plus pioglitazone with the 
combination of metformin plus sitagliptin and reported on cancer outcomes; the method of 
ascertainment was not described.173 A single case of papillary thyroid cancer occurred in the 
metformin plus sitagliptin arm (1/166, 0.6%), and no events were reported in the metformin plus 
pioglitazone arm (0/165, 0.0%).173 More participants withdrew from the metformin plus 
pioglitazone arm (21%) than the metformin plus sitagliptin arm, and the investigators did not use 
an intention-to-treat analysis for this outcome.173 (SOE: Insufficient; Unable to determine effect) 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

A single 26-week RCT compared the combination of metformin plus pioglitazone with the 
combination of metformin plus weekly exenatide and reported on cancer outcomes; the method 
of ascertainment was not described.173 No cases of thyroid cancer were reported in either arm 
(metformin plus pioglitazone: 0/165, 0.0% and metformin plus exenatide: 0/160, 0.0%).173 (SOE: 
Insufficient; Unable to determine effect) 
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Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

Three RCTs with 104 weeks of followup compared the combination of metformin plus a 
sulfonylurea with the combination of metformin plus a DPP-4 inhibitor and reported on cancer 
outcomes (Table 72).110, 178, 179 Cancer incidence was slightly higher in the metformin plus DPP-
4 arms than the metformin plus sulfonylurea arms in these 2-year trials. More than 20% of 
participants withdrew from these studies, but two used an intention-to-treat analysis.178, 179 (SOE: 
Low; Combination of metformin plus a sulfonylurea favored) 

Table 72. Randomized controlled trials comparing a combination of metformin with a sulfonylurea 
with a combination of metformin plus a DPP-4 inhibitor on cancer 

Author, year Outcome  Active/Passive 
Ascertainment 

ITT analysis Metformin + 
SU 

Events/n (%) 

Metformin + 
DPP-4 inhibitor 

Events/n (%) 
Ahren, 2014110 Thyroid cancer Active No 0/307 (0.0%) 2/302 (0.7%) 
Gallwitz, 2012178 Prostate, breast, 

and colon cancer* 
NR Yes 7/775 (0.9%) 10/776 (1.3%) 

Goke, 2010179 Acute myeloid 
leukemia 

NR Yes NR/430 1/428 (0.2%) 

DPP-4 = dipeptidyl peptidase-4; ITT = intention-to-treat; NR = not reported; SU = sulfonylurea 
* Unclear if ascertained for specific types of cancer 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

A single RCT compared the combination of metformin plus an sulfonylurea with the 
combination of metformin plus an SGLT-2 inhibitor and reported on malignancies over 104 
weeks using passive ascertainment.182 The authors reported more cases of cancer (prostate 
cancer, n=3; breast cancer, n=1; gastric cancer, n=1; and pancreatic cancer, n=2) in the 
metformin plus dapagliflozin arm (7/406, 1.7%) than in the metformin plus glipizide arm 
(prostate cancer, basal cell skin cancer, and lung cancer; 3/408, 0.7%).182 (SOE: Low; 
Combination of metformin plus a sulfonylurea favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Two RCTs compared the combination of metformin plus glimepiride with the combination of 
metformin plus a GLP-1 agonist and reported on cancer outcomes.110, 185 Both trials reported 
thyroid cancer events in the metformin plus GLP-1 agonist arm.110, 185 In the study by Ahren 
2014, the investigators actively ascertained for thyroid cancer with 104 weeks of followup and 
found no thyroid cancer in the metformin plus glimepiride arm (0/307, 0.0%) and one case in the 
metformin plus albiglutide arm (1/302, 0.3%).110 In the other trial (maximum followup of 3 
years) which did not report on the method of ascertainment of cancer outcomes, the authors 
reported three cases of thyroid cancer (3/511, 0.6%) in the metformin plus exenatide arm and did 
not report on thyroid cancer for the metformin plus sulfonylurea arm. In that trial, the authors 
also reported a single case of breast cancer in the metformin plus sulfonylurea arm (1/508, 0.2%) 
and did not report on breast cancer for the metformin plus exenatide arm.185 (SOE: Low; 
Combination of metformin plus a sulfonylurea favored for thyroid cancer) 
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Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

Three RCTs with 26 weeks of followup compared the combination of metformin plus a GLP-
1 agonist with the combination of metformin plus a DPP-4 inhibitor and found no difference in 
thyroid cancer events (combined OR, 0.63; 95% CI, 0.08 to 5.14) (Figure 87).128, 173, 192 We did 
not find evidence of statistical heterogeneity (I2=0.0%), and event rates were low. None of these 
short-term studies reported active ascertainment of thyroid cancer, and one did not provide 
results for the intention-to-treat population.173  

One of the above RCTs continued followup for 52 weeks and reported no cases of thyroid 
cancer in either arm.128 A fourth RCT lasting 104 weeks in duration actively ascertained thyroid 
cancer and reported two events in the metformin plus DPP-4 arm and one event in the metformin 
plus GLP-1 agonist arm; the authors did not evaluate this outcome in the intention-to-treat 
population.110 

Withdrawal rates were high across the study arms (range 13% to 77%) with most arms 
having more than 30% loss to followup.110, 128, 173, 192 (SOE: Low; Combination of metformin 
plus a GLP-1 agonist favored) 

Figure 87. Pooled odds ratio of cancer events comparing the combination of metformin plus a 
DPP-4 inhibitor with a combination of metformin plus a GLP-1 agonist 

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; Met = metformin; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a Basal Insulin 

A single 25-week RCT compared the combination of metformin plus sitagliptin with the 
combination of metformin plus insulin glargine and reported two cases of cancer (Kaposi’s 
sarcoma and prostate cancer) in the metformin plus sitagliptin arm (2/264, 0.8%) and none in the 
metformin plus insulin glargine arm (0/237, 0.0%).193 (SOE: Low; Combination of metformin 
plus a basal insulin favored) 
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Strength of Evidence for Cancer 
We found low or insufficient strength of evidence on cancer outcomes for all comparisons of 

interest as described in the Key Points and Table 73 and Table 74.  
The major limitation of the evidence on cancer for the diabetes medication comparisons 

under study was the lack of studies. For RCTs, major study limitations included high rates of 
withdrawals (>20%) combined with lack of an intention-to-treat approach and lack of active 
ascertainment (or reporting on) of cancer outcomes. We could usually not determine consistency 
because of a lack of studies (i.e., one study available for a given comparison); otherwise, 
evidence was often inconsistent based on a few studies for each comparison. The evidence on all 
comparisons was imprecise due to insufficient sample size for cancer outcomes.  

We found evidence of publication bias for the comparison of sulfonylurea monotherapy and 
DPP-4 inhibitor monotherapy; two unpublished studies favored sulfonylurea. Combined with the 
two published RCTs which showed inconsistent results, these results would move our evidence 
grade from “insufficient” to “low” for this comparison and suggest that sulfonylurea 
monotherapy is favored over DPP-4 inhibitors. We found two additional unpublished studies of 
comparisons for which there were no published studies: thiazolidinedione vs. DPP-4 inhibitors 
and metformin plus basal insulin vs. metformin plus premixed insulin. 

Finally, most evidence for the comparisons of interest included studies that did not report on 
cancer events in all arms; while this limited our ability to synthesize quantitatively, we did not 
believe that this was actually a source of selective analysis reporting bias, as much as a reflection 
of a lack of a focus on active ascertainment and reporting of cancer outcomes. 
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Table 73. Strength of evidence domains for monotherapy comparisons and cancer outcomes among adults with type 2 diabetes 
Comparison* Number of 

Studies 
(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. 
SU 

Observational: 
3 (120,602) 

Medium risk of 
bias 

Inconsistent Direct Imprecise NA Low  Neither 
favored 

Metformin vs. 
DPP-4 
inhibitors 

RCTs: 2 
(1,014) 

Low risk of 
bias 

Consistent Direct Imprecise Undetected Low Neither 
favored 

Metformin vs. 
SGLT-2 
inhibitors 

RCT: 1 (404) Medium risk of 
bias 

Unknown Direct Imprecise Undetected Insufficient Unable to 
determine 

Metformin vs. 
metformin + 
SU 

RCT: 1 (1049) High risk of 
bias 

Unknown Direct Imprecise Undetected Insufficient Unable to 
determine 

Metformin vs. 
metformin + 
DPP-4 
inhibitors 

RCTs: 6 (5271) Low risk of 
bias 

Inconsistent Direct Imprecise Undetected Insufficient Unable to 
determine 
 
4 RCTs did not 
report on 
events in all 
arms 

Metformin vs. 
metformin + 
SGLT-2 
inhibitors 

RCTs: 4 (1610) Low risk of 
bias 

Consistent Direct Imprecise Undetected Low Neither 
favored 

Metformin vs. 
metformin + 
GLP-1 agonists 

RCTs: 2 (2147) High risk of 
bias 

Inconsistent Direct Imprecise Undetected Low Neither 
favored 

TZD vs. SU RCT: 1 (502) Medium risk of 
bias 

Unknown Direct Imprecise Undetected Low TZD favored 

SU vs. DPP-4 
inhibitors 

RCTs: 2 (653) Low risk of 
bias 

Inconsistent Direct Imprecise Suspected Insufficient Unable to 
determine 

SU vs. GLP-1 
agonists 

RCT: 1 (746) Medium risk of 
bias 

Unknown Direct Imprecise Undetected Insufficient Unable to 
determine 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; NA = not applicable; RCT = randomized controlled trial; SGLT-2 
inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence.  
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Table 74. Strength of evidence domains for combination therapy comparisons and cancer among adults with type 2 diabetes 
Comparison* Number of 

Studies 
(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + pio vs. 
metformin + SU 

RCT: 1 (305) High  Unknown Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + pio vs. 
metformin + DPP-4 
inhibitors 

RCT: 1 (514) High  Unknown Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + pio vs. 
metformin + GLP-1 
agonists 

RCT: 1 (514) High  Unknown Direct Imprecise Undetected Insufficient Unable to determine 

Metformin + SU vs. 
metformin + DPP-4 
inhibitors 

RCTs: 3 
(3,459) 

Medium  Consistent Direct Imprecise Suspected Low Metformin + SU 
favored 

Metformin + SU vs. 
metformin + SGLT-2 
inhibitors 

RCT: 1 (408) Low  Unknown Direct Imprecise Undetected Low Metformin + SU 
favored 

Metformin + SU vs. 
metformin + GLP-1 
agonists 

RCT: 2 
(2,078) 

High  Consistent Direct Imprecise Undetected Low Metformin + SU 
favored for thyroid 
cancer 

Metformin + DPP-4 
inhibitors vs. 
metformin + GLP-1 
agonists 

RCT: 4 
(3,107) 

High  Consistent Direct Imprecise Undetected Low Metformin + GLP-1 
agonists favored, OR 
0.63; 95% CI, 0.08 to 
5.14 

Metformin + DPP-4 
inhibitor vs. 
metformin + basal 
insulin 

RCT: 1 (515) Medium  Unknown Direct Imprecise Undetected Low Metformin + basal 
insulin favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; pio = pioglitazone; RCT = randomized controlled trial; SGLT-2 inhibitors 
= sodium-glucose co-transporter 2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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The Evidence About Congestive Heart Failure 

Monotherapy Comparisons 

Metformin Versus Thiazolidinediones 
Three randomized trials45, 63, 69 and two observational studies222, 230 examined heart failure for 

this comparison (Table 75). We did not conduct a meta-analysis due to differences in study 
duration and design. The two RCTs lasting less than a year showed no events of heart failure in 
either arm.63, 69 The third RCT, the ADOPT study,45 had over 1,400 subjects in each arm with a 
median duration of treatment of 4 years. In this study, the investigators compared metformin 
with rosiglitazone on the primary outcome of time to monotherapy failure. While the study was 
not powered to detect differences in cardiovascular events and excluded patients with heart 
failure at baseline, there was no statistically significant difference between the incidence of 
investigator reported heart failure in these two arms (22/1456 for rosiglitazone versus 19/1454 
for metformin).45  

Two observational studies also compared metformin with thiazolidinediones.222, 230 Both 
studies reported point estimates suggesting harm from thiazolidinediones compared with 
metformin, but results were only close to statistically significant for the comparison of 
pioglitazone versus metformin in one of the two studies (Table 75).222 (SOE: Low; Metformin 
favored) 

Table 75. Studies comparing metformin with thiazolidinediones on congestive heart failure 
Author, year Study design Comparison Heart failure incidence 

(metformin as reference 
group) 

Kahn, 200645 RCT Rosiglitazone versus 
metformin 

22/1456 versus 19/1454 versus 

Erem, 201463 RCT Pioglitazone versus metformin 0/19 versus 0/19 
Esposito, 201169 RCT Pioglitazone versus metformin 0/55 versus 0/55 
Pantalone, 2009222  Observational study Rosiglitazone versus 

Metformin 
HR, 1.16 (95% CI, 0.78 to 1.73) 

  Pioglitazone versus metformin HR, 1.38 (95% CI, 1.00 to 1.90) 
Hsiao, 2009230 Observational study Rosiglitazone versus 

metformin 
HR, 1.30 (95% CI, 0.89 to 1.89) 

  Pioglitazone versus metformin HR, 1.54 (95% CI, 0.65 to 3.64) 
CI = confidence interval; HR = hazard ratio for TZDs with metformin as references group; RCT = randomized controlled trial 

Metformin Versus Sulfonylureas 
Two studies (one RCT and one observational study) reported on the risk of heart failure 

events with metformin compared with the sulfonylureas, with both point estimates favoring 
metformin over sulfonylureas (Table 76).214, 222 The 144-week RCT compared metformin with 
glipizide in adults with diabetes and a history of coronary artery disease, and reported a small 
non-significant greater number of events in the glipizide arm (10/148) compared to the 
metformin arm (9/156).214 Rescue therapy was insulin and was initiated in about 20% of each 
arm. The larger retrospective observational study (N=20,450) compared metformin with 
sulfonylurea in patients within one health care system in the United States from 1998 to 2006.222 
After adjusting for differences in baseline patient characteristics (e.g., gender, race, age, smoking 
status, and medications), sulfonylureas were associated with a greater risk of heart failure than 
metformin.222 (SOE: Low; Metformin favored) 
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Table 76. Studies comparing metformin with sulfonylureas on congestive heart failure 
Author, year Study design Comparison Heart failure incidence 

(metformin as reference group) 
Hong, 2013214 RCT Metformin versus glipizide HR, 0.82 (95% CI, 0.31 to 2.13) 
Pantalone, 2009222  Observational study Metformin versus sulfonylurea 

(unspecified drug type) 
HR, 0.76 (95% CI, 0.64 to 0.91) 

CI = confidence interval; HR = hazard ratio for metformin with sulfonylureas as the reference group; RCT = randomized 
controlled trial 

Metformin Versus DPP-4 Inhibitors 
One RCT lasting 26 weeks compared metformin with alogliptin with no heart failure events 

in either arm.76 (SOE: Low; Neither favored) 

Metformin Versus a Combination of Metformin Plus a Thiazolidinedione 
Three RCTs lasting from 26 to 80 weeks compared metformin alone with the combination of 

metformin plus a thiazolidinedione, showing a small non-significant greater number of heart 
failure events in the metformin plus thiazolidinedione arms in two of the three studies (Table 
77).85, 95, 96 (SOE: Low; Metformin favored) 

Table 77. Randomized controlled trials comparing metformin with a combination of metformin 
plus a thiazolidinedione on congestive heart failure 

Author, year Study 
design 

Comparison Heart failure incidence  

Leiter, 200585 RCT Metformin versus metformin plus 
rosiglitazone 

0/78 versus 0/158 

Borges, 201196 RCT Metformin versus metformin plus 
rosiglitazone 

0/334 versus 1/344  

DeFronzo, 201295 RCT Metformin versus metformin plus 
pioglitazone 

NR/129 versus 1/129 

RCT = randomized controlled trial 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
Three 26-week RCTs compared metformin alone with the combination of metformin plus a 

DPP-4 inhibitor, showing no significant increased risk of heart failure in either arm.76, 95, 123 One 
RCT reported no events in either arm.76 One RCT reported no events in the combination arm, but 
did not report on events in the metformin monotherapy arm.95 The third RCT reported one event 
in the combination arm and did not report on events in the metformin monotherapy arm.123 We 
combined these three RCTs in a meta-analysis using zero events for the arms where no data was 
reported, and found no significant increased risk of heart failure between groups (pooled OR, 
1.5; 95% CI, 0.06 to 37.05) (Figure 88).76, 95, 123 (SOE: Low; Neither favored) 
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Figure 88. Pooled odds ratio of congestive heart failure events comparing metformin with a 
combination of metformin plus a DPP-4 inhibitor  

 
CI = confidence interval; DPP-4 = dipeptidyl peptidase-4; Group 1 = metformin; Group 2 = combination of metformin plus a 
dipeptidyl peptidase-4 inhibitor; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Thiazolidinediones Versus Sulfonylureas 
Four trials44, 45, 200, 201 and two observational studies222, 230 examined heart failure outcomes 

for this comparison (Table 78), finding no clear between-group differences. A meta-analysis of 
the four RCTs44, 45, 200, 201 showed an increased risk of congestive heart failure with 
thiazolidinediones compared with second-generation sulfonylureas which did not reach statistical 
significance (pooled OR, 1.62; 95% CI, 0.95 to 2.76) (Figure 89). There was no evidence of 
statistical heterogeneity among the included studies (I2 = 0%). Consistent with the meta-analysis 
of the RCTs, the two observational studies also showed increased risk of heart failure which did 
not reach statistical significance in three of the four thiazolidinedione arms compared with the 
sulfonylurea arms.222, 230 (SOE: Low; Sulfonylureas favored) 

Table 78. Observational studies comparing thiazolidinediones with sulfonylureas on congestive 
heart failure 

Author, year Study design Comparison Heart failure incidence (sulfonylurea 
as reference) 

Pantalone, 2009222  Observational 
study 

Rosiglitazone versus 
sulfonylurea 

HR, 0.88 (95% CI, 0.60 to 1.31), p = 
0.55 

  Pioglitazone versus 
sulfonylurea 

HR, 1.05 (95% CI, 0.77 to 1.43), p = 
0.76 

Hsiao, 2009230 Observational 
study 

Rosiglitazone versus 
sulfonylurea 

HR, 1.22 (95% CI, 0.86 to 1.74), p = 
0.26 

  Pioglitazone versus 
sulfonylurea 

HR, 1.37 (95% CI, 0.58 to 3.20), p = 
0.46 

CI = confidence interval; HR = hazard ratio 
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Figure 89. Pooled odds ratio of congestive heart failure events comparing thiazolidinediones with 
sulfonylureas  

 
CI = confidence interval; Group 1 = sulfonylureas; Group 2 = thiazolidinediones; OR = odds ratio 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Thiazolidinediones Versus DPP-4 Inhibitors 
One 26-week RCT compared pioglitazone with alogliptin, reporting no heart failure events in 

either arm.150 (SOE: Low; Neither drug favored) 

Sulfonylureas Versus DPP-4 Inhibitors 
One 58-week RCT comparing glipizide with sitagliptin reported four out of 212 patients 

having heart failure events in the glipizide arm compared with none out of 210 patients in the 
sitagliptin arm.152 The only rescue therapy was insulin which was initiated in about 10% of 
participants in each arm. (SOE: Low; DPP-4 inhibitors favored) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

 One 24-week RCT comparing metformin plus pioglitazone with metformin plus glipizide 
reported two out of 146 patients with heart failure events in the metformin plus pioglitazone arm 
and did not report whether there were any events in the 142 patients in the metformin plus 
glipizide arm.170 (SOE: Insufficient; Unable to determine effect) 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

One 26-week RCT comparing different doses of metformin plus pioglitazone with different 
doses of metformin plus alogliptin reported two heart failure events in the 258 patients in the 
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metformin plus pioglitazone arms and did not report on heart failure events in the metformin plus 
alogliptin arms.95 (SOE: Insufficient; Unable to determine effect) 

Combination of Metformin Plus a Basal Insulin Versus a Combination of 
Metformin Plus a Premixed Insulin 

In an RCT that compared a combination of insulin glargine daily plus metformin with a 
combination of insulin lispro 75/25 plus metformin, hospitalization due to heart failure was 
reported in a single patient on the insulin lispro 75/25 and metformin combination.206 (SOE: 
Insufficient; Unable to determine effect) 

Strength of Evidence for Congestive Heart Failure 
The strength of evidence for the comparative effects of monotherapy and metformin-based 

combinations are presented in Table 79 and Table 80 and summarized in the key points. Most 
studies were RCTs, although five medium quality observational studies were included. Study 
limitations for all comparisons were low or medium. In general, we did not find strong 
differences in outcomes in the lower versus higher quality studies. However, many comparisons 
only had one or two studies making these comparisons based on quality difficult. We did not find 
any evidence of publication bias in any of the comparisons for congestive heart failure. We also 
did not find any evidence of publication bias or reporting bias in the grey literature review. Three 
studies reported events in one arm only; therefore, we were unable to draw firm conclusions 
from those studies. While this raises concerns for reporting bias, we expect arms with reporting 
on this outcome are likely to be the arms where more events occurred. For instance, two of the 
three studies reported the congestive heart failure events in the thiazolidinedione arms. However, 
this inconsistent reporting remains problematic when aiming to compare specific medication 
effects on adverse events and long-term outcomes such as congestive heart failure. 
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Table 79. Strength of evidence domains for monotherapy comparisons in terms of congestive heart failure among adults with type 2 
diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. TZD RCTs: 3 
(4530) 

Medium Consistent Direct Imprecise Undetected Low Metformin favored 

 Observational 
studies: 2 
(493,933) 

Medium Consistent Direct Imprecise    

Metformin vs. SU RCT: 1 (304) Low Consistent 
with 
observational 
study  

Direct Imprecise Undetected Low Metformin favored 

 Observational 
study: 1 
(20,450) 

Medium Consistent 
with RCT 

Direct Precise    

Metformin vs. DPP-4 
inhibitors 

RCT: 1 (784) Medium Unable to 
determine 

Direct Imprecise Undetected Low Neither drug favored 

Metformin vs. metformin + 
TZD 

RCT: 3 
(2947) 

Medium Consistent Direct Imprecise Undetected Low Metformin favored 

Metformin vs. metformin + 
DPP-4 inhibitors 

RCT: 3 
(2865) 

Medium Consistent Direct Imprecise Undetected Low Neither drug arm 
favored 

TZD vs. SU RCTs: 4 
(11,130) 

Low Consistent Direct  Imprecise Undetected Low SU favored 

 Observational 
studies: 2 
(493,933) 

Medium Consistent Direct Imprecise    

TZD vs. DPP-4 inhibitors RCT: 1 (655) Low Unable to 
determine 

Direct Imprecise Undetected Low Neither drug favored 

SU vs. DPP-4 inhibitors RCT: 1 (426) Low Unable to 
determine 

Direct Imprecise Undetected Low DPP-4 inhibitor 
favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; RCT = randomized controlled trial; SGLT-2 inhibitors = sodium-glucose 
co-transporter 2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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Table 80. Strength of evidence domains for metformin-based combination comparisons in terms of congestive heart failure among 
adults with type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + TZD vs. 
metformin + SU 

RCT: 1 (305) Medium Unable to 
determine 

Direct Imprecise Suspected† Insufficient Unable to determine 

Metformin + TZD vs. 
metformin + DPP-4 
inhibitors 

RCT: 1 
(1554) 

Medium Unable to 
determine 

Direct Imprecise Suspected† Insufficient Unable to determine 

Metformin + basal insulin 
vs. metformin + premixed 
insulin 

RCT: 1 (105) Medium Unable to 
determine 

Direct Imprecise Suspected† Insufficient Unable to determine 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; RCT = randomized controlled trial; SGLT-2 inhibitors = sodium-glucose 
co-transporter 2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
† Reporting bias was listed as suspected for each of these comparisons since they did not report events in one of the study arms; however, the arm where the event was not reported 
is often in the drug arm where one might anticipate that there is likely to be no events.  
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The Evidence About Liver Injury 

Monotherapy Comparisons 

Metformin Versus Thiazolidinediones  
Three RCTs comparing metformin with thiazolidinediones reported on liver injury. Two 

studies compared metformin with pioglitazone,55, 63 and one compared metformin with 
rosiglitazone.67 Followup and liver injury definitions varied across studies, and results were 
mixed. All studies targeted at least 2,000 mg daily in their metformin arms, and doses of 
thiazolidinediones varied (Table 81). The longer studies were of poorer quality and did not find 
differences in liver injury between arms. The shortest and largest RCT was a high-quality trial 
which used the highest doses of the drugs (metformin 2,550 daily maximum dose and 
pioglitazone 45 mg daily maximum dose) and found more liver injury in the metformin than 
pioglitazone arm. (SOE: Low; Neither favored) 

Table 81. Randomized controlled trials comparing metformin with thiazolidinediones on liver 
injury 

Author, year Study 
size 

(total N) 

Followup TZD Definition of 
liver injury 

Metformin 
Events/N (%) 

TZD 
Events/N 

Yoon, 201167 349 48 weeks Rosiglitazone 
5.9 mg daily 
(mean) 

Abnormal 
liver function 
not defined 

0/114 (0) 1/117 (0.85%) 

Erem, 201463 60 48 weeks Pioglitazone 
started at 15 
mg daily 
(most 
participants 
on ≤30 mg 
daily at end) 

Liver 
enzymes > 2 
times ULN 

0/13 (0) 0/12 (0) 

Schernthaner, 
200455 

1,199 26 weeks Pioglitazone 
started at 30 
mg daily; 45 
mg daily 
(maximum) 

Liver 
enzymes > 3 
times ULN 

2.2% 
 

0.9% 
 

mg = milligrams; TZD = thiazolidinedione; ULN = upper limit normal 

Metformin Versus Sulfonylureas  
Two RCTs with long-term followup compared metformin with sulfonylureas and reported on 

liver injury.45, 67 Neither study provided a specific definition of liver injury, and both studies used 
sub-maximal doses of the sulfonylurea and comparable doses of metformin (titration to 
maximum of 2,000 mg daily). One study found similar rates of liver injury in the two arms,45 and 
the other study reported more liver abnormalities in the sulfonylurea arm (Table 82).67 (SOE: 
Low; Neither favored) 
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Table 82. Randomized controlled trials comparing metformin with sulfonylureas on liver injury 
Author, year Study 

size 
(total N) 

Followup SU Definition of 
liver injury 

Metformin 
Events/N (%) 

SU 
Events/N 

Kahn, 200645 
ADOPT Study 

4360 Not 
reported* 

Glyburide; 
started 2.5 
mg; maximum 
15 mg 

Not defined NR/1341 (1.1) NR/1441 (0.8) 

Yoon, 201167 349 48 weeks Glimepiride 
4.5 mg daily 
(mean) 

Abnormal 
liver function 
not defined 

0/114 (0) 5/118 (4.24%);  
P = 0.05 

ADOPT = A Diabetes Outcome Progression Trial; mg = milligrams; NR = not reported; SU = sulfonylurea 
*Study was 6.1 years in duration, but follow up for this outcome not reported 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
Three RCTs compared metformin with the combination of metformin plus a DPP-4 

inhibitor.115, 121, 131 Followup and liver injury definitions varied (Table 83). In the longest study 
(52 weeks), both treatments were associated with similar rates of hepatic adverse events (not 
specified), at a dose of metformin 1,000 mg/day.131 In the shorter studies (12 to 24 weeks), which 
used higher doses of metformin (1,500 mg/day), events were rare.115, 121 (SOE: Low; Neither 
favored) 

Table 83. Randomized controlled trials comparing metformin with DPP-4 inhibitors on liver injury 
Author, year Study 

size 
(total N) 

Followup DPP-4 
inhibitor 

Definition of 
liver injury 

Metformin 
Events/N (%) 

DPP-4 
inhibitor 
Events/N 

Haak, 2013131 567 52 weeks Linagliptin 5 mg 
daily 

Unspecified 
hepatic 
adverse events 

13 /170 (7.6%) 11/171 (6.4%) 

Ross, 2012121 491 12 weeks Linagliptin 5 mg 
daily 

Unspecified 
elevation of 
liver enzymes 

0/44 (0%) 2/224 (0.9%) 

Yang, 2011115 570 24 weeks Saxagliptin 5 
mg daily 

Abnormal liver 
function 

0/142 (0%) 1/146 (0.6%) 

DPP-4 = dipeptidyl peptidase-4; mg = milligrams 

Thiazolidinediones Versus Sulfonylureas 
Three RCTs comparing thiazolidinediones with sulfonylureas reported on liver injury.45, 67, 201 

Followup and liver injury definitions varied (Table 84).  
One study reported an non-significant increased risk of liver injury for sulfonylurea versus 

submaximal rosiglitazone,67 and the other two RCTs did not find substantial differences in livery 
injury between arms.45, 201 Of note, the highest-quality, largest and longest study reported no liver 
toxicity in either arm.45 (SOE: Low; Neither favored) 
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Table 84. Randomized controlled trials comparing thiazolidinediones with sulfonylureas on liver 
injury 
Author, year Study 

size 
(total N) 

Followup TZD SU Definition 
of liver 
injury 

TZD 
Events/N 

(%) 

SU 
Events/N 

Kahn, 200645 
ADOPT 
Study 

4360 Not 
reported* 

Rosiglitazone 
8 mg 
(maximum) 

Glyburide 
15 mg daily 
(maximum) 

Not defined 0/1456 
(0%) 

0/1441 
(0%) 

Yoon, 201167 349 48 weeks Rosiglitazone 
5.9 mg daily 
(mean) 

Glimepiride 
4.5 mg daily 
(mean) 

Abnormal 
liver function 
not defined 

1/117 
(0.85%) 

5/118 
(4.2%);  
P = 0.05 

Tolman, 
2009201 

2120 24 weeks Pioglitazone 
45 mg daily 
(maximum) 

Glyburide 
15 mg daily 
(maximum) 

Liver 
enzymes > 3 
times ULN 
with 
confirmation 

0/1051 
(0%) 

4/1046 
(0.4%)  
P =0.06 

ADOPT = A Diabetes Outcome Progression Trial; mg = milligrams; SU = sulfonylurea; TZD = thiazolidinedione; ULN = upper 
limit of normal 
*Study was 6.1 years in duration, but followup time for this outcome was not reported 

Sulfonylureas Versus GLP-1 Agonists 
One RCT examined liver injury (defined as hepatobiliary disorders) as an adverse event for 

this comparison.155 Seven of 132 participants treated with submaximally-dosed glibenclamide 
(fixed dose of 1.25 to 2.5 mg daily) developed liver injury at 52 weeks compared with 11 
participants of 268 treated with liraglutide titrated to a maximum of 0.9 mg daily (5.3% versus 
4.1%).155 (SOE: Low; Neither favored) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

Two RCTs compared the combination of metformin plus a thiazolidinedione with the 
combination of metformin plus a sulfonylurea and reported on liver injury.164, 170 One trial 
reported no cases of liver injury (defined as “hepatic failure”) in the metformin plus pioglitazone 
arm (0/146; 0%) and one case in the metformin plus glimepiride arm (1/142; 0.7%) at 24 
weeks.170 A smaller 48-week trial reported no cases of liver injury (defined as liver enzymes 
values greater than three times the upper limit of normal) in the metformin plus rosiglitazone 
(0/48) or metformin plus glimepiride (0/47) arms.164 (SOE: Insufficient; Unable to determine 
effect) 

Strength of Evidence for Liver Injury  
We found low strength of evidence for the monotherapy comparisons for which there was 

evidence on liver injury and insufficient evidence for all combination therapy comparisons for 
this outcome (Table 85 and 86). The evidence was limited by a small number of studies with a 
high risk of bias based on assessment of randomization, masking, and withdrawals. Studies 
addressing liver injury were generally small and did not use maximal dosing of medications, 
especially for the non-metformin arms. Also, heterogeneity in definitions of liver injury (or lack 
of reporting specific definitions) limited the strength of evidence and our ability to make 
conclusions.  
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Strength of Evidence for Liver Injury 
Table 85. Strength of evidence domains for monotherapy comparisons in terms of liver injury among adults with type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
limitations 

Consistency Directness Precision Reporting 
Bias 

Strength 
of 

Evidence 

Summary 

Metformin vs. TZD 3 (1608) High Inconsistent Indirect Imprecise Undetected Low Neither favored 
Metformin vs. SU 2 (4709) High Inconsistent Indirect Imprecise Undetected Low Neither favored 
Metformin vs. 
metformin + DPP-4 
inhibitors 

3 (1628) Low Consistent Indirect Imprecise Undetected Low Neither favored 

TZD vs. SU 3 (6829) Medium Inconsistent Indirect Imprecise Undetected Low Neither favored 
SU vs. GLP-1 
agonists 

1 (400) High Unknown Indirect Imprecise Undetected Low Neither favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 

Table 86. Strength of evidence domains for metformin-based combination comparisons in terms of liver injury among adults with type 2 
diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + TZD vs. 
metformin +SU 

2 (723) High Inconsistent Indirect Imprecise Undetected Insufficient Unable to determine 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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The Evidence About Lactic Acidosis 

Monotherapy Comparisons 

Metformin Versus a Combination of Metformin Plus a Sulfonylurea 
We identified two RCTs (18 and 16 weeks) reporting the rates of lactic acidosis for 

metformin and the combination of metformin and a sulfonylurea. These RCTs reported no cases 
of lactic acidosis in any of the treatment arms.99, 100 (SOE: Low; Neither favored) 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
One 12-week RCT reported that increased lactic acid blood levels were more frequent in 

participants treated with metformin alone (3/100; 3%) than in those treated with the combined 
regimen of metformin with alogliptin (1/96; 1%); the study did not provide a statistical 
comparison of these rates.126 Of note, metformin doses were very small in this study (500 to 750 
mg daily). (SOE: Insufficient; Unable to determine effect) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a Sulfonylurea 

One 24-week RCT compared the rates of lactic acidosis between the combination of 
metformin and pioglitazone and the combination of metformin and glimepiride. One case of 
lactic acidosis was reported in the 142 participants (0.7%) receiving metformin plus glimepiride 
and none were reported in the 146 participants (0%) who received metformin plus 
pioglitazone.170 Of note, the participant with lactic acidosis was noted to have had multiple 
serious adverse events including heart failure, liver failure, renal failure, and electrolyte 
disturbances. (SOE: Low; Combination of metformin plus a thiazolidinedione favored) 

Strength of Evidence for Lactic Acidosis 
Few studies addressed lactic acidosis, and evidence was of low strength or insufficient when 

present (Table 87 and Table 88). Studies for this evidence base were mainly at medium or high 
risk of bias and were small and brief in duration; thus the evidence was imprecise and 
consistency unknown. One of the four studies addressing lactic acidosis only reported on 
elevated blood levels of lactic acidosis and not on the clinical syndrome of lactic acidosis.  
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Table 87. Strength of evidence domains for monotherapy comparisons in terms of lactic acidosis among adults with type 2 diabetes 
Comparison* Number of 

Studies 
(Subjects) 

Study 
limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. 
Metformin + SU 

2 (886) Medium Consistent Direct Imprecise Undetected Low Neither favored 

Metformin vs. 
Metformin + DPP-4 
inhibitors 

1 (288) Low Unknown Indirect Imprecise Undetected Insufficient Unable to determine 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; SU = sulfonylurea  
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 

Table 88. Strength of evidence domains for metformin-based combination comparisons in terms of lactic acidosis among adults with 
type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + TZD vs. 
metformin +SU 

1 (288) High Unknown Direct Imprecise Undetected Low Metformin + TZD favored 

SU = sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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The Evidence About Pancreatitis 

Monotherapy Comparisons 

Metformin Versus DPP-4 Inhibitors 
A 26-week trial compared metformin 1,000 mg daily (n=109), metformin 2,000 mg daily 

(n=111), and alogliptin 25 mg daily (n=112) and actively ascertained for pancreatitis finding no 
cases of pancreatitis in these arms.76 (SOE: Low; Neither favored) 

Metformin Versus GLP-1 Agonists 
A 52-week RCT that compared metformin with dulaglutide reported no cases of pancreatitis 

(defined as a lipase increase higher than three times upper limit) in any of the 268 participants 
receiving metformin or the 269 participants receiving dulaglutide.83 (SOE: Low; Neither 
favored) 

Metformin Versus a Combination of Metformin Plus a Sulfonylurea 
Only one RCT compared the incidence of pancreatitis with metformin to the combination of 

metformin plus a sulfonylurea.110 There were no cases of pancreatitis, at 104 weeks of followup, 
among the 100 participants who received monotherapy or the 302 participants who received 
combined therapy. Criteria of pancreatitis was enzymatic elevation at three times the upper limit 
plus clinical symptoms. (SOE: Low; Neither favored) 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
We identified nine RCTs comparing the incidence of pancreatitis with metformin to the 

combination of metformin plus a DDP-4 inhibitor.46, 76, 110, 120, 121, 126, 128, 131, 247 Definitions of 
pancreatitis and duration of followup differed across studies (Table 89). Three RCTs did not 
describe active ascertainment of pancreatitis,46, 131, 247 and three had substantial losses to 
followup.46, 76, 110 Pancreatitis was rare, with any events in only two of the nine studies. In one 
study, rates of pancreatitis were similar (0.6%) across arms at 52 weeks,128 and in the other 
study, two events (0.9%) occurred in the DPP-4 inhibitor combination arm and none in the 
metformin monotherapy arm at 26 weeks. (SOE: Moderate; Neither favored) 
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Table 89. Randomized controlled trials comparing metformin with a combination of metformin 
plus a DPP-4 inhibitor on pancreatitis 

DPP-4 = dipeptidyl peptidase-4; mg = milligrams; ULN = upper limit of normal 

Metformin Versus a Combination of Metformin Plus a GLP-1 Agonist 
Three RCTs compared the incidence of pancreatitis with metformin and the combination of 

metformin plus a GLP-1 agonist (Table 90).110, 128, 247 The longest study actively ascertained for 
pancreatitis but had substantial losses to followup. Two cases of pancreatitis were reported in the 
metformin plus GLP-1 agonist arm of this study with none in the metformin monotherapy 
arm.110 In the other studies, one reported no pancreatitis in either arm at 26 weeks, but did not 
report on active ascertainment,247 and the other saw a single case in the metformin monotherapy 
arm followed to 52 weeks, with active ascertainment for pancreatitis.128 (SOE: Low; Neither 
favored) 
  

Author, year Study 
size 

(total N) 

Followup DPP-4 
inhibitor 

Definition of 
pancreatitis 

Metformin 
Events/N 

(%) 

DPP-4 inhibitor 
Events/N 

Nauck, 2014128 1098 52 weeks Sitagliptin 
100 mg daily 

Enzymes elevation 
> 3ULN + clinical 
symptoms 
Adjudicated 

1/177 
(0.6%) 

2/315 
(0.6%) 

Ahren, 2014110 1049 104 
weeks 

Sitagliptin 
100 mg daily 

Enzymes elevation 
> 3ULN + clinical 
symptoms 
Adjudicated 

0/100 0/299 

Bergenstal, 
201246 

666 156 
weeks 

Sitagliptin 
100 mg daily 

Unspecified 0/93 0/184 

Skrivanek, 
2014247 

230 26 weeks Sitagliptin 
100 mg daily 

Unspecified 
elevation of 
enzymes 

0/38 0/42 

Pratley, 201476 784 26 weeks Alogliptin 25 
mg daily 

Unspecified 
elevation of 
enzymes 

0/222 2/220 (0.9%) 
1 case confirmed 

Seino, 2012126 288 12 weeks Alogliptin 
12.5 or 25 
mg daily 

Unspecified 0/100 Alogliptin 12.5 
mg: 0/92 
Alogliptin 25 mg: 
0/96 

Haak, 2013131 567 52 weeks Linagliptin 5 
mg 

Clinical diagnosis 0/170 0/396 

Ross, 2012121 491 12 weeks Linagliptin 5 
mg 

Unspecified 0/44 0/447 

White, 2014120 160 12 weeks Saxagliptin 5 
mg 

Unspecified 0/78 0/66 
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Table 90. Randomized controlled trials comparing metformin with a combination of metformin 
plus a GLP-1 agonist on pancreatitis 

Author, year Study 
size 

(total N) 

Followup GLP-1 
agonist 

Definition of 
pancreatitis 

Metformin 
Events/N 

(%) 

DPP-4 inhibitor 
Events/N 

Skrivanek, 
2014247 

230 26 weeks Dulaglutide 
0.75, 1.0, and 
1.5 mg 
weekly 

Unspecified 
elevation of 
enzymes 

0/38 
 

0.75 mg: 0/21 
1.0 mg: 0/10 
1.5 mg: 0/25 

Nauck, 2014128 1098 52 weeks Dulaglutide 
0.75 and 1.5 
mg weekly 

Enzymes 
elevation > 3ULN 
+ clinical 
symptoms 
Adjudicated 

1/177 
(0. 5%) 

0.75 mg: 0/302 
1.5 mg: 0/304  

Ahren, 2014110 1049 104 weeks Albiglutide 50 
mg weekly 
(maximum) 

Enzymes 
elevation > 3ULN 
+ clinical 
symptoms 
Adjudicated 

0/100 2/296 
(0.7%) 

DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; mg = milligrams; ULN = upper limit of normal 

Sulfonylureas Versus DPP-4 Inhibitors 
We identified one RCT comparing the incidence of pancreatitis between sulfonylurea and 

DPP-4 inhibitors.151 There were no cases of pancreatitis in any of the 76 participants receiving 
glimepiride or the 151 participants receiving linagliptin. The definition of pancreatitis was 
unspecified. (SOE: Low; Neither favored) 

Sulfonylureas Versus GLP-1 Agonists 
Two RCTs compared sulfonylureas with GLP-1 agonists and reported on pancreatitis.154, 157 

One trial reported two cases of pancreatitis in the liraglutide arm (2/498; 0.4%) and no cases in 
the glimepiride arm (0/248; 0%) at 104 weeks.157 A 24-week trial reported no cases of 
pancreatitis in the liraglutide (n=272) or glibenclamide (n=139) arms.154 The criteria for a 
diagnosis of pancreatitis was unspecified in both studies. (SOE: Low; Sulfonylureas favored) 

DPP-4 Inhibitors Versus GLP-1 Agonists 
A 26-week RCT that compared liraglutide (n = 446) with sitagliptin (n = 219) reported no 

episodes of pancreatitis.192 The definition of pancreatitis was unspecified. (SOE: Low; Neither 
favored) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

The 26-week DURATION-2 RCT reported two cases of pancreatitis in the 165 participants 
who were treated with the metformin plus pioglitazone combination compared with none of the 
166 participants who received the metformin plus sitagliptin combination.173 Pancreatitis was not 
actively ascertained and criteria for diagnosis were unspecified; this study had differential losses 
to followup across the arms (metformin plus thiazolidinedione, 21% and metformin plus DPP-4 
inhibitor, 13%). (SOE: Low; Combination of metformin plus a DPP-4 inhibitor favored) 
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Combination of Metformin Plus a Thiazolidinedione Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

The DURATION-2 RCT described above also had an additional arm with 160 participants 
who received metformin plus weekly exenatide, and none were reported to have pancreatitis 
during the study.173 Again, two of 165 participants had pancreatitis in the metformin plus 
thiazolidinedione arm; pancreatitis was not actively ascertained and criteria for diagnosis were 
unspecified. This study had large losses to followup across the arms (21% in both the metformin 
plus thiazolidinedione and metformin plus exenatide arms).173 (SOE: Low; Neither favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

We identified two RCTs which compared the incidence of pancreatitis for the combination of 
metformin plus a sulfonylurea to the combination of metformin plus a DPP-4 inhibitor.178, 179 
Both trials reported that one participant in the metformin plus sulfonylurea arm had pancreatitis 
during the study (0.1% and 0.2% of participants) and that no participants in the metformin plus 
DPP-4 arms had pancreatitis. Neither study actively ascertained for pancreatitis and did not 
provide definitions for this outcome; losses to followup were substantial in both studies. (SOE: 
Low; Combination of metformin plus a DPP-4 inhibitor favored) 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

We identified two relevant RCTs.185, 187 A 104-week RCT comparing metformin plus 
glimepiride (N=508) versus metformin plus exenatide (N = 511) reported one case of pancreatitis 
in each arm (0.2% in each arm).185 A 16-week RCT comparing metformin plus glimepiride 
(N=231) versus metformin plus liraglutide (N = 467) reported no cases of pancreatitis in either 
arm.187 Studies did not report active ascertainment of pancreatitis, and the criteria for pancreatitis 
diagnosis were unspecified. (SOE: Low; Neither favored) 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a GLP-1 Agonist 

The 26-week DURATION-2 RCT reported no cases of pancreatitis in either the metformin 
plus weekly exenatide (n=160) or metformin plus sitagliptin arm (n=166). Pancreatitis was not 
actively ascertained, and criteria for diagnosis of pancreatitis were unspecified. This study had 
differential losses to followup across the arms (metformin plus GLP-1 agonist, 21% and 
metformin plus DPP-4 inhibitor, 13%).173 (SOE: Low; Neither favored) 

Combination of Metformin Plus a GLP-1 Agonist Versus a Combination of 
Metformin Plus a Basal Insulin 

One 52-week RCT reported that one patient on metformin plus exenatide developed 
pancreatitis (1/36, 2.7%) and did not report on this outcome for the metformin plus insulin 
glargine arm (0/33, 0%).195 The 3-year followup of this study which had significant losses to 
followup reported no additional pancreatitis after the 52 week report.47 The study did not report 
active ascertainment or provide criteria for pancreatitis. It is also unclear if an intention-to-treat 
approach was taken.47, 195 (SOE: Low; Combination of metformin plus a basal insulin favored) 
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Strength of Evidence for Pancreatitis 
With the exception of one comparison, we found low-strength or insufficient evidence for 

most monotherapy and combination comparisons for pancreatitis (Table 91 and Table 92). The 
evidence was mainly limited by a lack of studies. All evidence came from RCTs but tended to be 
at medium to high risk of bias, mainly because of the availability of only a few fair- to poor-
quality studies for each comparison. Consistency tended to be indeterminate because of a lack of 
more than one study for many comparisons. All evidence was direct although active 
ascertainment and definitions were not usually provided in studies. The small number of studies 
and their small sample sizes contributed to the evidence being imprecise for all comparisons for 
which we had studies. We did not detect reporting bias for pancreatitis but had few studies to 
evaluate publication bias.  
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Table 91. Strength of evidence domains for monotherapy comparisons in terms of pancreatitis among adults with type 2 diabetes 
Comparison Number of 

Studies 
(Subjects) 

Study 
limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. DPP-
4 inhibitors 

1 (784) Medium Unknown Direct Imprecise Undetected Low Neither treatment favored 

Metformin vs. GLP-
1 agonists 

1 (495) Low Unknown Direct Imprecise Undetected Low Neither treatment favored 

Metformin vs. 
Metformin + SU 

1 (1049) Medium Unknown Direct Imprecise Undetected Low Neither treatment favored 

Metformin vs. 
Metformin + DPP-4 
inhibitors 

9 (5333) Medium Consistent Direct Imprecise Undetected Moderate Neither treatment favored 

Metformin vs. 
Metformin + GLP-1 
agonists 

3 (2377) Medium Inconsistent Direct Imprecise Undetected Low Neither treatment favored 

SU vs. DPP-4 
inhibitors 

1 (227) Low Unknown Direct Imprecise Undetected Low Neither treatment favored 

SU vs. GLP-1 
agonists 

2 (1210) Medium Inconsistent Direct Imprecise Undetected Low SU favored 

DPP-4 inhibitors vs. 
GLP-1 agonists 

1 (661) Medium Unknown Direct Imprecise Undetected Low Neither treatment favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
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Table 92. Strength of evidence domains for metformin-based combination comparisons in terms of pancreatitis among adults with type 
2 diabetes 

Comparison Number of 
Studies 

(Subjects) 

Study 
limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + TZD 
vs. metformin 
+DPP-4 inhibitors 

1 (491) Medium Unknown Direct Imprecise Undetected Low Metformin + DPP-4 inhibitor 
favored 

Metformin + TZD 
vs. metformin 
+GLP-1 agonists 

1 (491) Medium Unknown Direct Imprecise Undetected Low Neither treatment favored 

Metformin + SU vs. 
metformin +DPP-4 
inhibitors 

2 (2410) High Consistent Direct Imprecise Undetected Low Metformin + DPP-4 inhibitors 
favored 

Metformin + SU vs. 
metformin +GLP-1 
agonists 

2 (2481) High Consistent Direct Imprecise Undetected Low Neither treatment favored 

Metformin + DPP-4 
inhibitors vs. 
metformin +GLP-1 
agonists 

1 (491) Medium Unknown Direct Imprecise Undetected Low Neither treatment favored 

Metformin + GLP-1 
agonists vs. 
metformin + basal 
insulin 

1 (69) High Unknown Direct Imprecise Undetected Low Metformin plus basal insulin 
favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
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The Evidence About Severe Allergic Reactions 

Monotherapy Comparisons 

Metformin Versus GLP-1 Agonists 
A single 52-week RCT (N=495) that compared metformin with dulaglutide reported no 

systemic hypersensitivity reaction in either arm.83 (SOE: Low; Neither favored) 

Metformin Versus a Combination of Metformin Plus a DPP-4 Inhibitor 
Four RCTs compared the incidence of severe allergic reactions between metformin and the 

combination of metformin plus a DDP-4 inhibitor (Table 93).115, 120, 121, 131 Heterogeneity in 
definitions of severe allergic reactions and duration of followup precluded a meta-analysis. Three 
of the four RCTs reported slightly higher rates of hypersensitivity reaction events in the 
metformin plus DPP-4 inhibitor versus the metformin monotherapy arms.  

The longest RCT was a 54-week extension study131 in which the arms included participants 
from the initial 6-month study78 and participants who were re-randomized for the extension 
study. Among participants who were newly randomized for the 54-week extension study, 
hypersensitivity reactions occurred in 0% of the metformin 2,000 mg arm, 0% of the metformin 
1,000 mg plus linagliptin 5 mg arm, and in 1.7% of the metformin 2,000 mg plus linagliptin 5 
mg arm. (SOE: Low; Metformin favored) 

Table 93. Randomized controlled trials comparing metformin with a combination of metformin 
plus a DPP-4 inhibitor on severe allergic reactions 
Author, 

year 
Sample 

size 
(total N) 

Followup DPP-4 
inhibitor  

Definition of 
severe allergic 

reaction 

Active 
Asc. 

Metformin 
Events/N 

(%) 

DPP-4 
inhibitor 

Events/N (%) 
Haak, 
2013131 

567 54 weeks Linagliptin 
5 mg 

Hypersensitivity 
reactions (e.g., 
angioedema, 
anaphylaxis) 
 
Severe cutaneous 
reactions 

Yes 
 
 
 
 
Yes 

1/170 
(0.6%)* 
 
 
 
0/170  

2/171 (1.2%)* 
 
 
 
 
0/171  

White, 
2014120 

160 12  
weeks 

Saxagliptin 
5 mg 

Hypersensitivity 
reactions 

NR 0/78  0/66  

Yang, 
2011115 

570 24  
weeks 

Saxagliptin 
5 mg 

Hypersensitivity 
reactions 

Yes 0/287  3/283 (1.1%) 

Ross, 
2012121 

491 12 weeks Linagliptin  Hypersensitivity 
reactions 
(angioedema, 
anaphylaxis, 
angioedema-like) 

Yes 0/44  5 mg:  
1/224 (0.4%) 
 
2.5 mg: 
0/223  
 

Asc = ascertainment; DPP-4 = dipeptidyl peptidase-4; mg = milligrams 
* Data are shown for the metformin 2000 mg monotherapy arm and the metformin 2000 mg plus linagliptin 5 mg combination 
arm; there were no events reported in the metformin 1000 mg plus linagliptin combination arm 
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Metformin-Based Combination Comparisons  

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a DPP-4 Inhibitor 

A single 52-week RCT compared metformin plus glipizide with metformin plus saxagliptin 
and reported on hypersensitivity adverse events.179 The authors reported a hypersensitivity 
adverse event in one participant in the metformin plus saxagliptin arm and in two participants in 
the metformin plus glipizide arm. One of the events in the metformin plus glipizide arm was 
noted to be related to ciprofloxacin. This study did not provide information on the method of 
ascertainment or definition of hypersensitivity. This RCT also had high rates of discontinuation 
based partly on increasingly-strict glycemic control criteria for maintaining eligibility in the 
study.179 (SOE: Low; Neither favored) 

Strength of Evidence for Severe Allergic Reactions 
We identified evidence for three comparisons for the outcome of allergic reactions (Table 94 

and Table 95). The published studies were on comparisons that included GLP-1 agonists and 
DPP-4 inhibitors. All evidence was low or insufficient for this outcome. Because of the limited 
numbers of studies and their samples sizes, evidence was imprecise. We did not detect reporting 
bias, but our assessment of this was also limited by the small number of studies.  
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Table 94. Strength of evidence domains for monotherapy comparisons in terms of severe allergic reactions among adults with type 2 
diabetes 

Comparison Number of 
Studies 

(Subjects) 

Study 
limitations 

Consistency Directness Precision Reporting 
Bias 

Strength 
of 

Evidence 

Summary 

Metformin vs.  
GLP-1 agonists 

1 (495) Low Unknown Direct Imprecise Undetected Low Neither favored 

Metformin vs. 
metformin + DPP-4 
inhibitors 

4 (1788) Low Consistent Direct Imprecise Undetected Low Metformin favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists 

Table 95. Strength of evidence domains for metformin-based combination comparisons in terms of severe allergic reactions among 
adults with type 2 diabetes 

Comparison Number of 
Studies 

(Subjects) 

Study 
limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + SU vs. 
metformin +DPP-4 
inhibitors 

1 (858) High Unknown Direct Imprecise Undetected Low Neither favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; SU = sulfonylurea 
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The Evidence About Macular Edema or Decreased Vision 

Monotherapy Comparisons 

Sulfonylureas Versus GLP-1 Agonists 
One 104-week RCT compared glimepiride with liraglutide at two different doses (1.2 and 1.8 

mg) and reported on decreased vision.158 At the end of the study, the incidence of decreased 
vision was comparable in all arms, with 7% of the glimepiride participants (n=248) having 
decreased vision compared with 6% of the liraglutide participants (n=251 for liraglutide-1.2 mg 
and n=247 at liraglutide-1.8 mg). (SOE: Low; Neither favored) 

Strength of Evidence for Macular Edema or Decreased Vision 
We identified one study for this outcome. Therefore, the evidence on this outcome was 

insufficient due to a lack of studies (Table 96). 
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Table 96. Strength of evidence domains for monotherapy comparisons in terms of macular edema or decreased vision among adults 
with type 2 diabetes 

Comparison Number of 
Studies 

(Subjects) 

Study 
limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

SU vs. GLP-1 
agonists 

1 (746) Medium Unknown Direct Imprecise Undetected Low Neither favored 

GLP-1 agonists = glucagon-like peptide-1 agonists; SU = sulfonylurea 
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The Evidence About Urinary Tract Infections 

Monotherapy Comparisons 

Metformin Versus SGLT-2 Inhibitors 
Three short RCTs (published in two articles), 12 to 24 weeks in duration, compared 

dapagliflozin with metformin and reported on UTIs.80, 81 Since ORs did not appear to vary by 
gender in these short-term studies, we present results for men and women combined. We found 
significant statistical heterogeneity using a random effects meta-analysis (pooled OR, 1.64; 95% 
CI, 0.61 to 4.39; I-squared = 58.3%). Exclusion of any one study did not change the inference of 
the meta-analysis. We found a similar non-significant increased odds for SGLT-2 inhibitors 
versus metformin for UTIs (pooled OR, 1.6; 95% CI, 0.5 to 5.2 (Figure 90) using the profile 
likelihood method. One of the RCTs used a lower dose of dapagliflozin of 5 mg80 relative to the 
10 mg in the other two RCTs.  

We did not include one RCT in the meta-analysis because it was much longer (78 weeks) 
than the other three studies.82 This study compared metformin to 10 mg of empagliflozin and 25 
mg of empagliflozin and reported similar overall incidences of UTIs with both doses of 
empagliflozin. UTI rates among men receiving 25 mg of empagliflozin (4/57; 7.0%) were non-
significantly higher than among those receiving 10 mg of empagliflozin (0/49; 0%) and 
metformin (0/28; 0%), and approached UTI rates among women (empagliflozin 10 mg: 4/57 
(7.0%), empagliflozin 25 mg: 3/52 (5.8%), and metformin: 2/28 (7.1%)).82 (SOE: Moderate; 
Neither favored) 
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Figure 90. Pooled odds ratio of urinary tract infections comparing metformin with SGLT-2 
inhibitors  

 
CI = confidence interval; Group 1 = metformin; Group 2 = sodium-glucose co-transporter-2 inhibitors; OR = odds ratio; SGLT-2 
= sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Six RCTs (published in five articles) compared metformin with the combination of 

metformin plus an SGLT-2 inhibitor. The four shorter RCTs suggested no difference in risk of 
UTIs for metformin plus SGLT-2 inhibitors versus metformin (pooled OR, 1.2; 95% CI, 0.7 to 
2.0) (Figure 91).80, 122, 125, 132, 133 No single study markedly influenced the results, and we did not 
find evidence of substantial statistical heterogeneity (I2 = 0.0%). One study also reported that no 
events of urosepsis or pyelonephritis occurred in either arm.133 The definitions for UTIs varied 
across studies (Table 97). 

Table 97. Definitions of urinary tract infections used in randomized controlled trials comparing 
metformin with a combination of metformin and SGLT-2 inhibitor 

Author, year Definition of UTI outcome (actively ascertained unless 
otherwise noted) 

Bailey, 2013135 UTI (does not include events suggestive of UTI) 
Rosenstock, 2012125 UTI, not otherwise specified 

Henry, 201280 Events suggestive of UTI 
Bolinder, 2012134 MedDRA definition of UTI 
Rosenstock, 2013122 UTI, not otherwise specified 

Qiu, 2014132 UTI, not otherwise specified 
Haring, 2014 (a)133 MedDRA definition for UTI  
Henry, 2012 (b)80 Based on a predefined list of signs, symptoms and other 

events suggestive of UTI 

MedDRA = Medical Dictionary for Regulatory Activities; UTI = urinary tract infection 

Meta-analyses stratified by gender, available in few studies, did not demonstrate clear gender 
differences for UTIs for this comparison.80, 133 Women had non-significantly increased rates of 
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UTIs for the combination of metformin plus an SGLT-2 inhibitor versus metformin (pooled OR, 
1.4; 95% CI, 0.8 to 2.3 for women and pooled OR, 1.0; 95% CI, 0.4 to 2.8 for men).  

Figure 91. Pooled odds ratio of urinary tract infections comparing metformin with a combination 
of metformin plus a SGLT-2 inhibitor  

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus a sodium-glucose co-transporter-2 
inhibitor; OR = odds ratio; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

We did not include two moderately-sized RCTs (total sample size, 182 to 546) in the meta-
analysis because they were longer (102 weeks).134, 135 One compared metformin with metformin 
plus dapagliflozin and reported UTI rates of 5.8% and 11.9% in the metformin and dapagliflozin 
arms, respectively.135 The other had similar UTI rates across arms (metformin, 4.4% and 
dapagliflozin, 3.3%).134 Of note, the former had very high losses to followup with 47% losses in 
the metformin arm compared with 30% to 40% in the other arms.135 (SOE: High; Neither 
favored) 

DPP-4 Inhibitors Versus SGLT-2 Inhibitors 
One 24-week RCT compared 100 mg of sitagliptin with 10 mg and 25 mg of empagliflozin 

and reported UTI events separately by gender.159 UTI occurrences among men were similar in 
those receiving sitagliptin (4/141; 3%) versus 10 mg of empagliflozin (3/142; 2%) and 25 mg of 
empagliflozin (2/144; 1%).159 UTI events were non-significantly lower in women receiving 
sitagliptin (7/82; 9%) versus 10 mg of empagliflozin (12/82; 15%) and 25 mg of empagliflozin 
(10/78; 13%). The study did not test for an interaction by gender. (SOE: Low; Neither favored in 
men, DPP-4 inhibitors favored in women) 
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Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Three RCTs compared metformin plus a sulfonylurea with metformin plus an SGLT-2 
inhibitor and reported inconsistent results regarding UTIs (Table 98).181-183 We did not combine 
these studies in a meta-analysis because of the heterogeneity in the definition of UTI and study 
durations. A 52-week RCT found a similar incidence of UTIs with metformin plus glimepiride 
versus metformin plus 100 mg or 300 mg of canagliflozin.181 A second 104-week RCT found 
more UTIs in the metformin plus dapagliflozin arm compared to the metformin plus glipizide 
arm.182 This study also reported a 3% incidence of kidney infections, defined as pyelocystitis and 
pyelonephritis, in the metformin plus glipizide arm compared with no cases in the metformin 
plus dapagliflozin arm.182 The third trial, also 104 weeks long, reported higher UTI rates among 
females in both arms compared with males; the study did not find a difference in UTI rates 
across arms within gender.183 (SOE: Moderate; Neither favored) 

Table 98. Randomized controlled trials comparing a combination of metformin plus a sulfonylurea 
with a combination of metformin plus a SGLT-2 inhibitor on urinary tract infections 

Author, year Definition of UTI Outcome* Results 
Events/N (%) 

Cefalu, 2013181 Cystitis, pyelonephritis chronic, and 
UTI  

Metformin + glimepiride: 22/482 (5%) 
Metformin + canagliflozin 100 mg: 31/483 (6%) 
Metformin + canagliflozin 300 mg: 31/485 (6%) 

Nauck, 2011182 Events suggestive of UTI  Metformin + glipizide: 37/408 (9.1%) 
Metformin + dapagliflozin: 55/406 (13.5%) 

Ridderstrale, 2014183 MedDRA definition of UTI (passive 
ascertainment) 

Female 
Metformin + glimepiride: 81/359 (23%) 
Metformin + empagliflozin: 74/333 (22%) 
Male 
Metformin + glimepiride: 21/421 (5%) 
Metformin + empagliflozin: 31/432 (7%) 

MedDRA = Medical Dictionary for Regulatory Activities; mg = milligrams; UTI = urinary tract infections 
* Outcomes are actively ascertained unless otherwise noted. 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Four RCTs compared metformin plus DPP-4 with metformin plus an SGLT-2 inhibitor and 
reported inconsistent results (Table 99). We did not combine them due to differences in study 
duration.82, 122, 125, 127 

One 78-week RCT of low quality compared metformin plus sitagliptin to metformin plus 10 
mg and 25mg of empagliflozin and reported UTI rates stratified by sex. This study found a 
higher UTI rate among females in the metformin plus 25mg of empagliflozin arm compared with 
metformin plus sitagliptin arm, but higher rates of UTIs among males in the metformin plus 
sitagliptin arm.82 A medium-quality 52-week RCT compared metformin plus sitagliptin to 
metformin plus canagliflozin at doses of 100 mg and 300 mg and reported slightly lower UTI 
rates in the highest-dose canagliflozin (300 mg) arm and slightly higher rates in the lower-dose 
canagliflozin (100 mg) arm; results were not stratified by sex.127  

The two short-term studies also conflicted. One medium-quality study reported a higher UTI 
rate with metformin plus 200 mg of canagliflozin compared with the other arms.125 The other 
high-quality short-term RCT found similar UTI rates with metformin plus sitagliptin and 
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metformin plus empagliflozin arms with a slightly higher rate in the highest-dose empagliflozin 
arm.122 The quality of the studies was graded as medium risk of bias because of failure to report 
clearly on the randomization scheme. (SOE: Low; Neither favored) 

Table 99. Randomized controlled trials comparing a combination of metformin plus a DPP-4 
inhibitor with a combination of metformin plus a SGLT-2 inhibitor on urinary tract infections 

Author, year Followup Definition of UTI 
Outcome* 

Results 
Events/N (%) 

Rosenstock, 
2012125 

12 weeks UTI, not otherwise 
specified 

Metformin + sitagliptin 100 mg: 1/65 (2%) 
Metformin + canagliflozin 100 mg: 2/64 (3%) 
Metformin + canagliflozin 200 mg: 6/65 (9%) 
Metformin + canagliflozin 300 mg: 2/64 (3%) 

Rosenstock, 
2013122 

12 weeks UTIs, including cystitis, 
excluding signs and 
symptoms 

Metformin + sitagliptin 100 mg: 4.2% 
Metformin + empagliflozin 10 mg: 4.2% 
Metformin + empagliflozin 25 mg: 5.7% 

Lavalle-Gonzalez, 
2013127 

52 weeks UTI, not otherwise 
specified 

Metformin + sitagliptin 100 mg: 23/366 (6.3%) 
Metformin + canagliflozin 100 mg: 29/368 (7.9%) 
Metformin + canagliflozin 300 mg: 18/367 (4.9%) 

Ferrannini, 201382 78 weeks MedDRA definition of UTI Female 
Metformin + sitagliptin 100 mg: 4/27 (14.8%) 
Metformin + empagliflozin 10 mg: 13/83 (15.7%) 
Metformin + empagliflozin 25 mg: 18/78 (23.1%) 
Male 
Metformin + sitagliptin 100 mg: 3/29 (10.3%) 
Metformin + empagliflozin 10 mg: 2/83 (2.4%) 
Metformin + empagliflozin 25 mg: 3/88 (3.4%) 

MedDRA = Medical Dictionary for Regulatory Activities; mg = milligrams; UTI = urinary tract infections 
* Outcomes are actively ascertained unless otherwise noted. 

Strength of Evidence for Urinary Tract Infections 
The strength of evidence for the comparative effects of monotherapy and metformin-based 

combinations are presented in Table 100 and Table 101 and summarized in the key points. All 
studies were RCTs. Study limitations for all the comparisons were low or medium. Although 
evidence of gender differences in UTI rates was limited, the data suggests that there may be 
higher rates of UTIs among females (particularly noted in the comparisons of metformin versus 
metformin plus SGLT2). In general, we did not find strong differences in outcomes in the lower 
versus higher quality studies. We did not find any evidence of publication bias in any of the 
comparisons for UTI. We also did not find any evidence of publication bias or reporting bias in 
the grey literature review. The grey literature was consistent with our findings in the metformin 
plus SU vs. metformin plus SGLT2 comparison with one unpublished study that found no UTIs 
in either arm.  

246 



Table 100. Strength of evidence domains for monotherapy comparisons in terms of urinary tract infections among adults with type 2 
diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. SGLT-2 
inhibitors 

4 (2,292) Medium  Consistent  Direct Precise Undetected Moderate Neither favored 

Metformin vs. metformin + 
SGLT-2 inhibitors 

8 (3,835) Low  Consistent Direct Precise Undetected High Neither favored 

DPP-4 inhibitors vs. 
SGLT-2 inhibitors 

1 (899) Low  Unknown  Direct Imprecise Undetected Low Neither favored in 
men 
DPP-4 inhibitors 
favored in women 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 

Table 101. Strength of evidence domains for metformin-based combination comparisons in terms of urinary tract infections among 
adults with type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + SU vs. 
metformin + SGLT-2 
inhibitors 

3 (3,815) Low risk of 
bias 

Inconsistent Direct Precise Suspected Moderate Neither favored 

Metformin + DPP-4 
inhibitors vs. metformin + 
SGLT-2 inhibitors 

4 (2,889) Medium risk 
of bias 

Inconsistent  Direct Precise Undetected Low Neither favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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The Evidence About Impaired Renal Function 

Monotherapy Comparisons 

Metformin Versus SGLT-2 Inhibitors 
Three RCTs compared metformin with SGLT-2 inhibitors and reported on impaired renal 

function (Table 102).81, 82, 227 We did not combine the results of these RCTs in a meta-analysis 
because they varied greatly in their definitions of impaired renal function. 

Two trials evaluated the change in estimated glomerular filtration rate (eGFR) and found no 
substantial differences between the arms.81, 82  

One 12-week trial (N=408) evaluated incident microalbuminuria, change in the urine 
albumin-to-creatinine ratio, and incident diabetic nephropathy.227 The investigators did not find 
substantial differences in urine albumin-to-creatinine ratio across arms, and those in the low-dose 
empagliflozin arm had more incident microalbuminuria and diabetic nephropathy compared with 
the metformin and high-dose empagliflozin arm. (SOE: Low; Neither favored) 

Table 102. Randomized controlled trials comparing metformin with SGLT-2 inhibitors on impaired 
renal function 

Author, year Followup Definition of 
Impaired Renal 

Function* 

Results 

List, 200981  12 weeks eGFR  NR for any arm 
Qualitative statement of no difference across groups 

Ferrannini, 201382 90 weeks eGFR (ml/min/1.73 
m2) 
 

Metformin vs. empagliflozin 10 mg: between-group 
difference from baseline to final, 0.13 (95% CI, -4.5 to 4.7) 
Metformin vs. empagliflozin 25 mg: between-group 
difference from baseline to final, 2.66 (95% CI, -1.8 to 7.1) 

Ferrannini, 
2013227 

12 weeks Microalbuminuria, 
not further defined 
 

Metformin: 1.3% 
Empagliflozin 10 mg: 3.7% 
Empagliflozin 25 mg: 0% 

 12 weeks Diabetic 
nephropathy 
(unclear if actively 
ascertained) 

Metformin: 1.3% 
Empagliflozin 10 mg: 2.5% 
Empagliflozin 25 mg: 1.2% 

 12 weeks Urinary albumin to 
creatinine ratio 
(mg/mmol) 

Metformin vs. empagliflozin 10 mg: between-group 
difference from baseline to final, 0.08 mg/mmol  
Metformin vs. empagliflozin 25 mg: between-group 
difference 0.6 mg/mmol  

CI = confidence interval; eGFR = estimated glomerular filtration rate; mg = milligrams; mg/mmol = milligrams per millimole; 
mil/min*1.73 m2 = milliliters per minute per 1.73 meters squared; NR = not reported 
* Outcomes are actively ascertained unless otherwise noted. 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Five RCTs comparing metformin with a combination of metformin plus SGLT-2 inhibitor 

reported on albuminuria and eGFR (Table 103).122, 132-135 One 12-week RCT evaluated 
albuminuria comparing metformin with metformin plus empagliflozin and stated that treatment 
with empagliflozin did not significantly change measures of creatinine clearance compared with 
sitagliptin, and did not change markers of glomerular function (microalbumin).122  

Two 102-week trials evaluated renal impairment or failure as a categorical outcome with 
conflicting results.134, 135 One found no events of renal impairment in either arm,134 and the other 
RCT did not find a clear pattern of differences across arms.135 
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Two trials evaluated eGFR and found no substantial differences between the arms.132, 133 
(SOE: Low; Neither favored) 

Table 103. Randomized controlled trials comparing metformin with a combination of metformin 
plus a SGLT-2 inhibitor on impaired renal function 

Author, year Followup Definition of 
Impaired Renal 

Function* 

Results 

Rosenstock, 
2013122 

12 weeks Creatinine clearance, 
microalbuminuria 

NR for any arm 
Qualitative statement of no difference across groups 

Qiu, 2014132 18 weeks eGFR  
 

% reduction in eGFR 
Metformin: 0.3% 
Metformin + canagliflozin 50 mg twice daily: 0.7% 
Metformin + canagliflozin 150 mg twice daily: 3.8% 

Haring, 2014133 24 weeks eGFR (ml/min/1.73 
m2) 
 

Metformin vs. metformin + empagliflozin 10 mg: 
between-group difference from baseline to final, 0.9 
(95% CI, -1.5 to 3.3) 
Metformin vs. metformin + empagliflozin 25 mg: 
between-group difference from baseline to final, 2.7 
(95% CI, 0.6 to 4.8) 

Bailey, 2013135 102 
weeks 

Renal impairment or 
failure, not otherwise 
specified 

Metformin: 2/137 (1.5%)  
Metformin + dapagliflozin 2.5 mg: 6/137 (4.4%) 
Metformin + dapagliflozin 5 mg: 4/137 (2.9%) 
Metformin + dapagliflozin 10 mg: 2/135 (1.5%) 

Bolinder, 2012134 102 
weeks 

MedDRA definition of 
renal impairment, 
renal failure  

Metformin: 0/91 (0%)  
Metformin + dapagliflozin 10 mg: 0/91 (0%) 

CI = confidence interval; eGFR = estimated glomerular filtration rate; MedDRA = Medical Dictionary for Regulatory Activities; 
mg = milligrams; mil/min*1.73 m2 = milliliters per minute per 1.73 meters squared; NR = not reported 
* Outcomes are actively ascertained unless otherwise noted. 

DPP-4 Inhibitors Versus SGLT-2 Inhibitors 
Two RCTs comparing DPP-4 inhibitors with SGLT-2 inhibitors evaluated change in eGFR 

and showed no differences between arms.159, 229 One 26-week RCT compared sitagliptin with 
canagliflozin showing a between-group difference in change from baseline eGFR of 4.2 
ml/min/1.73 m2 (95% CI, 3.2 to 11.6 ml/min/1.73 m2) with 150 mg of canagliflozin 150 mg and 
4.3 ml/min/1.73 m2 (95% CI, -2.8 to 11.4 ml/min/1.73 m2) with 300 mg of canagliflozin with all 
arms lowering eGFR.229 One 24-week RCT compared sitagliptin with empagliflozin showing a 
non-significant between-group difference in eGFR of 1.1 ml/min/1.73 m2 (95% CI, -1.2 to 3.5 
ml/min/1.73 m2) with empagliflozin 10 mg and 0.5 ml/min/1.73 m2 (95% CI, -1.7 to 2.6 
ml/min/1.73 m2) with 25 mg of empagliflozin 25 mg, with all arms increasing eGFR.159 (SOE: 
Low; Neither favored) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Three RCTs compared the effects of metformin plus a sulfonylurea to metformin plus a 
SGLT-2 inhibitor on renal impairment or failure, changes in eGFR, and albuminuria (Table 
104).181-183 One 104-week trial evaluated total renal impairment and failure showing a higher 
incidence of events with metformin plus SGLT-2 inhibitors.182 Three trials evaluated changes in 
eGFR with inconsistent results.181-183 Two trials evaluated albuminuria showing no differences 
between arms.181, 183 (SOE: Low; Neither favored) 
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Table 104. Randomized controlled trials comparing a combination of metformin plus a 
sulfonylurea with a combination of metformin plus a SGLT-2 inhibitor on impaired renal function 

Author, year Followup Definition of Impaired 
Renal Function* 

Results Notes 

Cefalu, 2013181 52 weeks eGFR (ml/min/1.73 m2) Metformin + glimepiride vs. 
metformin + canagliflozin 100 
mg: between-group 
difference, 1.3 ml/min/1.73 m2 
 
Metformin + glimepiride vs. 
metformin + canagliflozin 300 
mg: between-group 
difference, 3.4 ml/min/1.73 m2 

Subjects meeting 
eGFR withdrawal 
criteria: n=1 in 
glimepiride arm, n=4 
in canagliflozin 100 
mg arm, and n=7 for 
canagliflozin 300 mg 
arm 
Unclear if included 
in analysis 

Ridderstrale, 
2014183 

104 weeks eGFR (ml/min/1.73 m2) Metformin + glipizide vs. 
metformin + empagliflozin 25 
mg; between-group 
difference, 3.5 (95% CI, 2.2 to 
4.8) 

 

Nauck, 2011182 104 weeks Decreased eGFR Metformin + glipizide: 3/408 
(0.7%)  
Metformin + dapagliflozin: 
1/406 (0.2%) 

 

Nauck, 2011182 104 weeks Total renal impairment 
(calculated creatinine 
renal clearance 
decreased, renal 
impairment, blood 
creatinine increased, 
decreased eGFR, 
acute renal failure) 

Metformin + glipizide: 14/408 
(3.4%)  
Metformin + dapagliflozin: 
24/406 (5.9%) 

Includes 13 patients 
in dapagliflozin 
group and 6 patients 
in the glipizide 
group who 
discontinued due to 
“calculated 
creatinine renal 
clearance 
decreased” 

Cefalu, 2013181 52 weeks Urine albumin-to-
creatinine ratio (mg/g) 

Metformin + glimepiride vs. 
metformin + canagliflozin 100 
mg: between-group 
difference, 7.1 mg/g (95% CI, 
-8.0 to 22.1 mg/g)  
 
Metformin plus glimepiride vs. 
metformin plus canagliflozin 
300 mg: between-group 
difference, 
14.2 mg/g (95% CI -1.8 to 
30.1 mg/g) 

 

Ridderstrale, 
2014183 

104 weeks Urine albumin-to-
creatinine ratio (mg/g) 

Metformin + glimepiride vs. 
metformin + empagliflozin 25 
mg: between-group 
difference, 1.9 mg/g (95% CI, 
-5.1 to 8.9 mg/g) 

Subgroup with no 
albuminuria at 
baseline 

CI = confidence interval; eGFR = estimated glomerular filtration rate; mg = milligrams; mg/g = milligrams per gram; 
mil/min*1.73 m2 = milliliters per minute per 1.73 meters squared; NR = not reported  
* Outcomes are actively ascertained unless otherwise noted. 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Three RCTs compared metformin plus a DPP-4 inhibitor with metformin plus an SGLT-2 
inhibitor on renal outcomes (Table 105).82, 122, 127 Two trials evaluated changes in eGFR showing 
no differences.82, 127 One 12-week RCT compared metformin plus sitagliptin and metformin plus 
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empagliflozin and found no significant differences between arms.122 (SOE: Low; Neither 
favored) 

Table 105. Randomized controlled trials comparing a combination of metformin plus a DPP-4 
inhibitor with a combination of metformin plus a SGLT-2 inhibitor on impaired renal function 

Author, year Followup Definition of Impaired 
Renal Function* 

Results 

Ferrannini, 201382 90 weeks eGFR (ml/min/1.73 m2) Metformin + sitagliptin vs. metformin + empagliflozin 
10 mg: between-group difference, 4.1 (95% CI, 0.3 to 
8.6) 
 
Metformin + sitagliptin vs. metformin + empagliflozin 
25 mg: between-group difference, 2.8 (95% CI, -1.5 
to 7.1) 

Lavalle-Gonzalez, 
2013127 

52 weeks Decreased eGFR Metformin + sitagliptin vs. metformin + canagliflozin 
100 mg: between-group difference, 1.0% 
 
Metformin + sitagliptin vs. metformin + canagliflozin 
300 mg: between-group difference, 0.9% 

Rosenstock, 
2013122 

12 weeks Creatinine clearance, 
microalbuminuria 

NR for any arm 
Qualitative statement of no difference across groups 

CI = confidence interval; eGFR = estimated glomerular filtration rate; mg = milligrams; mil/min*1.73 m2 = milliliters per minute 
per 1.73 meters squared; NR = not reported  
* Outcomes are actively ascertained unless otherwise noted. 

Strength of Evidence for Impaired Renal Function 
The strength of evidence for the comparative effects of monotherapy and metformin-based 

combinations are presented in Table 106 and Table 107 and summarized in the key points. All 
studies were RCTs. Study limitations for all the comparisons were low or medium. We did not 
have adequate information to grade precision for metformin plus DPP-4 inhibitors versus 
metformin plus SGLT2 inhibitors because only two of the three studies reported quantitative 
data. In general, we did not find strong differences in outcomes in the lower versus higher quality 
studies. We did not find any evidence of publication bias in any of the comparisons for renal 
outcomes. We also did not find any evidence of publication bias or reporting bias in the grey 
literature review. 
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Table 106. Strength of evidence domains for monotherapy comparisons in terms of impaired renal function among adults with type 2 
diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. SGLT-2 
inhibitors 

3 (1,456) High Consistent  Direct Imprecise Undetected Low Neither favored 

Metformin vs. metformin + 
SGLT-2 inhibitors 

5 (2,140) Medium Consistent  Direct Imprecise Undetected Low Neither favored 

DPP-4 inhibitors vs. 
SGLT-2 inhibitors 

2 (1,394) Medium Consistent Direct Precise Undetected Low Neither favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 

Table 107. Strength of evidence domains for metformin-based combination comparisons in terms of impaired renal function among 
adults with type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength 
of 

Evidence 

Summary 

Metformin + SU vs. 
metformin + SGLT-2 
inhibitors 

3 (3,815) Medium Inconsistent Direct Precise Undetected Low Neither favored 

Metformin + DPP-4 
inhibitors vs. metformin 
+ SGLT-2 inhibitors 

3 (2,438) Medium Consistent Direct Imprecise Undetected Low Neither favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = sulfonylurea  
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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The Evidence About Genital Mycotic Infections 

Monotherapy Comparisons 

Metformin Versus SGLT-2 Inhibitors 
Three medium to high quality short RCTs (reported in two articles) compared metformin 

with SGLT-2 inhibitors reporting more genital infections with the SGLT-2 inhibitor arm (pooled 
OR, 4.1; 95% CI, 2.0 to 8.3) (Figure 92).80, 81 ORs did appear to vary by gender. No single study 
markedly influenced the results, and we did not find significant statistical heterogeneity (I2 = 
0.0%).  

Figure 92. Pooled odds ratio of genital or mycotic infections comparing metformin with SGLT-2 
inhibitors  

 
CI = confidence interval; Group 1 = metformin; Group 2 = sodium-glucose co-transporter-2 inhibitors; OR = odds ratio; SGLT-2 
= sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

We did not include a low quality 78-week RCT in the meta-analysis due to differences in 
study duration.82 This study compared metformin with empagliflozin, reporting slightly higher 
rates of genital infections among females for SGLT-2 inhibitor therapy [1/28 (3.6%) with 
metformin versus 3/57 (5.3%) with metformin plus low-dose empagliflozin and 3/52 (5.8%) with 
metformin plus high-dose empagliflozin], and possibly more genital infections among males 
with SGLT-2 inhibitors [0/28 (0%) with metformin versus 2/49 (4.1%) with metformin plus low 
dose empagliflozin and 3/57 (5.3%) with metformin plus high- dose empagliflozin]. (SOE: 
Moderate; Metformin favored) 
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Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Five RCTs (reported in four articles) compared metformin with metformin plus a SGLT-2 

inhibitor for genital infection events suggesting increased odds of genital infections for 
combination therapy over metformin monotherapy but no clear differences by gender: combined 
OR, 3.0 (95% CI, 1.22 to 7.2) for women and combined OR, 2.7 (95% CI, 0.8 to 9.0) for men 
(Figure 93).80, 125, 132, 133 No single study markedly influenced the results, and we did not find 
significant statistical heterogeneity (I2 = 15.4% for women and I2 = 0.0% for men). An additional 
12-week RCT did not provide sex-stratified analyses so it was not included in the meta-
analysis.122 This study reported more genital infection events in one of the groups receiving 
empagliflozin compared with the other two arms (metformin plus sitagliptin 100 mg: 0%, 
metformin plus empagliflozin 10 mg: 9.9%, metformin plus empagliflozin 25 mg: 0%).  

Figure 93. Pooled odds ratio of genital or mycotic infections comparing metformin with a 
combination of metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus a sodium-glucose co-transporter-2 
inhibitor; OR = odds ratio; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

We excluded two RCTs from the meta-analysis due to their longer durations.134, 135 Their 
results are included in Table 108. (SOE: High; Metformin favored) 
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Table 108. Randomized controlled trials comparing metformin with a combination of metformin 
plus a SGLT-2 inhibitor on genital infections 

Author, year Followup Genital Infection 
Outcome* 

Results (metformin versus metformin + SGLT-
2 inhibitor) 

Rosenstock, 
2012125 

12 weeks Symptomatic of genital 
infections 

Metformin: 1/65 (2%) 
Metformin + canagliflozin 100 mg: 4/64 (6%) 
Metformin + canagliflozin 200 mg: 2/65 (3%) 
Metformin + canagliflozin 300 mg: 2/64 (3%) 

Rosenstock, 
2013122 

12 weeks MedDRA definition  Metformin: 0% 
Metformin + empagliflozin 10 mg: 9.9% 
Metformin + empagliflozin 25 mg: 0% 

Qiu, 2014132 18 weeks Males: balanitis candida 
and genital infection 
fungal. 
Females: vaginal 
infection, vulvovaginal 
candidiasis, vulvovaginal 
mycotic infection, and 
vulvovaginitis 

Males 
Metformin: 1/46 (2.2%)  
Metformin + canagliflozin 100 mg: 1/40 (2.5%) 
Metformin + canagliflozin 300 mg: 0/44 (0%) 
Females  
Metformin: 2/47 (4.3%) 
Metformin + canagliflozin 100 mg: 6/53 (11.3%)  
Metformin + canagliflozin 300 mg: 1/49 (2.0%) 

Henry, 2012 (a)80 24 weeks Events suggestive of 
vulvovaginitis, balanitis, 
and related genital 
infection 

Males 
Metformin: 0%  
Dapagliflozin 5 mg: 5.1%  
Females 
Metformin: 3.8% 
Dapagliflozin 5 mg: 7.8% 

Haring, 2014133 24 weeks MedDRA definition  Males 
Metformin: 0/116 (0%)  
Metformin + empagliflozin 10 mg: 1/125 (0.8%) 
Metformin + empagliflozin 25 mg: 1/120 (0.8%) 
Females 
Metformin: 0/91 (0%)  
Metformin + empagliflozin 10 mg: 7/92 (7.6%) 
Metformin + empagliflozin 25 mg: 9/93 (9.7%) 

Henry, 2012 (b)80 24 weeks  Based on a predefined 
list of signs, symptoms 
and other events 
suggestive of genital 
infection 

Males 
Metformin: 2/97 (2.1%)  
Metformin + dapagliflozin 10 mg: 6/106 (5.7%) 
Females 
Metformin: 3/111 (2.7%)  
Metformin + dapagliflozin 10 mg: 12/105 (11.4%) 

Bolinder, 2012134 102 weeks Genital infections Metformin: 1/91 (1.1%)  
Metformin + dapagliflozin 10 mg: 2/91 (2.2%)  

Bailey, 2013135 102 weeks Events suggestive of 
genital infection 

Metformin: 7/137 (5.1%)  
Metformin + dapagliflozin 2.5 mg: 16/137 (11.7%) 
Metformin + dapagliflozin 5 mg: 20/137 (14.6%) 
Metformin + dapagliflozin 10 mg: 17/135 (12.6%) 

MedDRA = Medical Dictionary for Regulatory Activities; mg = milligrams  
* Outcomes are actively ascertained unless otherwise noted. 

DPP-4 Inhibitors Versus SGLT-2 Inhibitors 
Two RCTs (24 to 26 weeks) compared outcomes from use of 100 mg of sitagliptin daily to 

an SGLT-2 inhibitor, by gender.159, 229 Both trials reported higher rates of genital infections 
among both women and men with use of SGLT-2 inhibitors compared with sitagliptin, with 
some of the comparisons statistically significant (Table 109).159, 229 (SOE: Low; DPP-4 inhibitors 
favored) 
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Table 109. Randomized controlled trials comparing DPP-4 inhibitors with SGLT-2 inhibitors on 
genital infections 

Author, year Medication dose Women  
Events/N (%) 

Men 
Events/N (%) 

Stenlof, 2014229 Sitagliptin 100 mg 
Canagliflozin 100 mg 
Canagliflozin 300 mg 

1/155 (1.2) 
3/170 (3) 
3/170 (3.2) 

0/155 (0) 
3/170 (3) 
5/170 (6.5) 

Roden, 2013159 Sitagliptin 100 mg 
Empagliflozin 10 mg 
Empagliflozin 25 mg 

1/82 (1) 
3/82 (4) 
7/79 (9) 

1/141 (1) 
4/142 (3) 
2/144 (1) 

mg = milligrams 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Three RCTs compared metformin plus a sulfonylurea with metformin plus a SGLT-2 
inhibitor (pooled OR, 6.1; 95% CI, 4.0 to 9.2) (Figure 94) favoring metformin plus a 
sulfonylurea for this outcome of genital infections.181-183 Two of the studies were 52 weeks long 
(comparing metformin with metformin with canagliflozin), and one study was 104 weeks long 
(comparing metformin with metformin with dapagliflozin). No single study markedly influenced 
the results, and we did not find significant statistical heterogeneity (I2 = 0.0%). (SOE: High; 
Combination of metformin plus a sulfonylurea favored) 
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Figure 94. Pooled odds ratio of genital or mycotic infections comparing a combination of 
metformin plus a sulfonylurea with a combination of metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; Group 1 = combination of metformin plus a sulfonylurea; Group 2 = combination of metformin plus a 
sodium-glucose co-transporter-2 inhibitor; Met = metformin; OR = odds ratio; SGLT-2 = sodium-glucose co-transporter-2; SU = 
sulfonylurea 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Four RCTs compared metformin plus DPP-4 with metformin plus SGLT-2 showing more 
genital infection events with the SGLT-2 inhibitor arms.82, 122, 125, 127 Two of the studies stratified 
outcomes by gender (Table 110).82, 127 (SOE: Moderate; Combination of metformin plus a DPP-4 
inhibitor favored) 
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Table 110. Randomized controlled trials comparing a combination with metformin plus a DPP-4 
inhibitor with a combination of metformin plus a SGLT-2 inhibitor on genital infections 

Author, year Followup 
(weeks) 

Medication dose Women 
Events/N 

(%) 

Men 
Events/N 

(%) 

Total 
Events/N 

(%)* 

Comments 

Rosenstock, 
2012125 

12 weeks Metformin + sitagliptin 1/27 (3.7) NR NR  

  Metformin + 
canagliflozin 100 mg 

2/28 (7.1) NR NR  

  Metformin + 
canagliflozin 200 mg 

4/32 
(12.5) 

NR NR  

  Metformin + 
canagliflozin 300 mg 

1/28 (3.6) NR NR  

Rosenstock, 
2013122 

12 weeks Metformin + sitagliptin NR NR 2/71 (2.8)  

  Metformin + 
empagliflozin 10 mg 

NR NR 7/71 (9.9)  

  Metformin + 
empagliflozin 25 mg 

NR NR 0/70 (0)  

Lavalle-Gonzalez, 
2013127 

52 weeks Metformin + sitagliptin 5/194 
(2.6) 

2/172 
(1.2) 

NR ITT analysis 
not 
performed 

  Metformin + 
canagliflozin 100 mg 

22/194 
(11.3) 

9/174 
(5.2) 

NR  

  Metformin + 
canagliflozin 300 mg 

20/202 
(9.9) 

4/165 
(2.4) 

NR  

Ferrannini, 201382 78 weeks Metformin + sitagliptin 0/29 (0) 0/27 (0) NR ITT analysis 
not 
performed 

  Metformin + 
empagliflozin 10 mg 

2/83 (2.4) 3/83 (3.6) NR  

  Metformin + 
empagliflozin 25 mg 

3/88 (3.4) 3/78 (3.8) NR  

DPP-4 = dipeptidyl peptidase-4; ITT = intention-to-treat; mg = milligrams; NR = not reported; SGLT-2 = sodium-glucose co-
transporter-2 
* Results for both genders provided if sex-stratified results not reported 

Strength of Evidence for Genital Mycotic Infections 
The strength of evidence for the comparative effects of monotherapy and metformin-based 

combinations are presented in Table 111 and Table 112 and summarized in the key points. All 
studies were RCTs. Study limitations for all the comparisons were low or medium. In general, 
we did not find strong differences in outcomes in the lower versus higher quality studies. We did 
not find any evidence of publication bias in any of the comparisons for genital infections. We 
also did not find any evidence of publication bias or reporting bias in the grey literature review.  
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Table 111. Strength of evidence domains for monotherapy comparisons in terms of genital mycotic infections among adults with type 2 
diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. SGLT-2 
inhibitors 

4 (2,292) Medium  Consistent Direct Imprecise  Undetected Moderate Metformin favored; 
Pooled OR, 4.1 (95% 
CI, 2.0 to 8.3)  

Metformin vs. metformin + 
SGLT-2 inhibitors 

8 (3,835) Low  Consistent Direct Precise Undetected High Metformin favored; 
Pooled OR, 3.0 (95% 
CI, 1.22 to 7.2) for 
females and 2.7 (95% 
CI, 0.8 to 9.0) for 
males  

DPP-4 inhibitors vs. 
SGLT-2 inhibitors 

2 (1,394) Medium  Consistent Direct Imprecise  Undetected Low DPP-4 inhibitors 
favored 

CI = confidence interval; DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; OR = odds ratio; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 

Table 112. Strength of evidence domains for metformin-based combination comparisons in terms of genital mycotic infections among 
adults with type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + SU vs. 
metformin + SGLT-2 
inhibitors 

3 (3,815) Medium  Consistent Direct Precise Undetected High Metformin + SU 
favored; Pooled OR, 
6.1 (95% CI, 4.0 to 
9.2) 

Metformin + DPP-4 
inhibitors vs. metformin + 
SGLT-2 inhibitors 

4 (2,889) Medium  Consistent Direct Imprecise (n 
for metformin 
insufficient) 

Undetected Moderate Metformin + DPP-4 
inhibitors favored 

CI = confidence interval; DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; OR = odds ratio; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = sulfonylurea 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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The Evidence About Fracture 

Monotherapy Comparisons 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Two RCTs compared metformin with metformin plus SGLT-2 showing no differences in 

fractures.134, 135 One 102-week RCT compared metformin with metformin plus dapagliflozin 
showing similar incidences in fractures [2/137 (1.5%) for metformin versus 2/137 (1.5%) for 
dapagliflozin 2.5 mg, 2/137 (1.5%) for dapagliflozin 5 mg, and 3/135 (2.2%) for dapagliflozin 10 
mg]. There was a high loss to followup in this study with 47% in the metformin arm compared 
with 30% to 40% in the other arms.135 Another 102-week RCT compared metformin with 
metformin plus 10 mg of dapagliflozin and reported one fracture in each treatment arm (n=91 for 
both arms).258 (SOE: Low; Neither favored) 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Two studies compared metformin plus a SGLT-2 inhibitor with metformin plus a GLP-1 
agonist showing no differences in fracture risk.182, 183 One 104-week RCT compared metformin 
plus glipizide with metformin plus dapagliflozin showing similar incidences in fractures [9/408 
(2.2%) for metformin plus glipizide versus 6/406 (1.5%) for metformin plus dapagliflozin].182 
Another 104-week RCT compared metformin plus glimepiride to metformin plus empagliflozin 
showing similar incidences of fractures in both arms (2%).183 (SOE: Low; Neither favored) 

Strength of Evidence for Fracture 
The strength of evidence for the comparative effects of monotherapy and metformin-based 

combinations are presented in Table 113 and summarized in the key points. All studies were 
RCTs. Study limitations for all the comparisons were low. We did not find any evidence of 
publication bias in any of the comparisons for fractures. A single unpublished trial reported no 
fractures in either arm (NCT01368081) which is consistent with the other studies. We also did 
not find any evidence of publication bias or reporting bias in the grey literature review.  
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Table 113. Strength of evidence domains for monotherapy and metformin-based combination comparisons in terms of fracture among 
adults with type 2 diabetes 

Comparison* Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. metformin + 
SGLT-2 inhibitors 

2 (728) Low  Consistent Direct Imprecise Undetected Low Neither favored 

Metformin + SU vs. 
metformin + SGLT-2 
inhibitors 

2 (2,363) Medium  Consistent Direct Imprecise Undetected Low Neither favored 

SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = sulfonylurea 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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The Evidence About Volume Depletion 

Monotherapy Comparisons 

Metformin Versus SGLT-2 Inhibitors 
Two moderately-sized, short RCTs compared metformin with SGLT-2 inhibitors and 

reported inconsistent results.80, 81 One 12-week RCT comparing metformin with dapagliflozin 
reported a higher incidence of hypotensive events with metformin (4% for metformin versus 0% 
for dapagliflozin 5 mg and 10 mg).81 One 24-week RCT comparing metformin with 
dapagliflozin 5 mg reported significantly more events of hypotension or syncope with 
dapagliflozin [0/201 (0%) for metformin versus 4/203 (2%) for dapagliflozin 5 mg].80 (SOE: 
Low; Conflicting results) 

Metformin Versus a Combination of Metformin Plus a SGLT-2 Inhibitor 
Three short-duration RCTs comparing metformin with metformin plus SGLT-2 inhibitor 

reported on volume depletion events with varying definitions in each study. Volume depletion 
events were rare and there was no difference in event rates between groups (pooled OR, 1.6; 
95% CI, 0.2 to 13.6) (Figure 95).80, 125, 132 Two of the trials compared metformin to metformin 
plus 300 mg of canagliflozin daily,125, 132 while one trial compared metformin to metformin plus 
5mg of dapagliflozin daily.80 No single study markedly influenced the results, and we did not 
detect substantial heterogeneity (I2 = 0.0%). 

Figure 95. Pooled odds ratio of volume depletion comparing metformin with a combination of 
metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; Group 1 = metformin; Group 2 = combination of metformin plus a sodium-glucose co-transporter-2 
inhibitor; OR = odds ratio; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 
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We did not combine two of the RCTs in the meta-analysis due to differences in study 
duration.134, 135 Their results are in Table 114. (SOE: Low; Neither favored) 

Table 114. Randomized controlled trials comparing metformin with a combination of metformin 
plus a SGLT-2 inhibitor on volume depletion 

Author, year Followup Definition of Volume 
Depletion Outcome 

Results (Metformin 
versus metformin + 

SGLT2 inhibitor) 

Comments  

Rosenstock, 
2012125 

12 weeks Adverse events possibly 
related to hypovolemia 
(dizziness, dizziness 
postural, heart rate 
increased, tachycardia, and 
urine output decreased) 

Metformin: 1/65 (2%) 
Metformin + canagliflozin 
100 mg: 4/64 (6%)  
Metformin + canagliflozin 
200 mg: 3/65 (5%) 
Metformin + canagliflozin 
300 mg: 1/64 (2%) 

Included in meta-
analysis 

Henry, 201280 24 weeks Hypotension or syncope Metformin: 0/201 (0%) 
Dapagliflozin 5 mg: 1/194 
(0.5%)  
  

No ITT analysis 
performed 
Included in meta-
analysis 

Qiu, 2014132 18 weeks Orthostatic hypotension, 
postural dizziness 

Metformin: 0/93 (0%) 
Metformin + canagliflozin 
100 mg: 0/93 (0%) 
Metformin + canagliflozin 
300 mg: 0/93 (0%) 

Included in meta-
analysis 

Bolinder, 2012134 102 weeks Hypotension Metformin: 0/91 (0%) 
Metformin + dapagliflozin 
10 mg: 0/91 (0%) 

Unclear if ITT 
analysis performed 
High losses to follow 
up 

Bailey, 2013135 102 weeks MedDRA definition for 
hypotension, dehydration, 
or hypovolemia 

Metformin: 2/137 (1.5%) 
Metformin + dapagliflozin 
2.5 mg: 0/137 (0%) 
Metformin + dapagliflozin 
5 mg: 3/137 (2.2%) 
Metformin + dapagliflozin 
10 mg: 2/135 (1.5%) 

High losses to follow 
up 

ITT = intention-to-treat; MedDRA = Medical Dictionary for Regulatory Activities; mg = milligrams; SGLT-2 = sodium-glucose 
co-transporter-2 

Metformin-Based Combination Comparisons 

Combination of Metformin Plus a Sulfonylurea Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Three RCTs compared metformin plus a sulfonylurea to metformin plus a SGLT-2 inhibitor 
and described volume depletion events with varying definitions in each study. The evidence 
suggested little difference between arms (pooled OR for metformin plus sulfonylurea versus 
metformin plus SGLT-2 inhibitor, 1.2; 95% CI, 0.6 to 2.4) (Figure 96 and Table 115).181-183 No 
single study markedly influenced the results, and we did not detect substantial heterogeneity (I2 = 
0.0%). (SOE: Low; Neither favored) 
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Figure 96. Pooled odds ratio of volume depletion comparing a combination of metformin plus a 
sulfonylurea with a combination of metformin plus a SGLT-2 inhibitor 

 
CI = confidence interval; Group 1 = combination of metformin plus a sulfonylurea; Group 2 = combination of metformin plus a 
sodium-glucose co-transporter-2 inhibitor; OR = odds ratio; SGLT-2 = sodium-glucose co-transporter-2 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate. 

Table 115. Randomized controlled trials comparing a combination of metformin plus a 
sulfonylurea with a combination of metformin plus a SGLT-2 inhibitor on volume depletion 

Author, year Followup Definition of Volume 
Depletion Outcome 

Results 
Events/N (%) 

Cefalu, 2013181 52 weeks Orthostatic hypotension Metformin + glimepiride: 0/482 (0%) 
Metformin + canagliflozin 100 mg: 1/483 (0.2%) 
Metformin + canagliflozin 300 mg: 1/485 (0.2%) 

Nauck, 2011182 104 weeks Hypotension, dehydration, 
hypovolemia 

Metformin + glimepiride: 8/780 (1%) 
Metformin + empagliflozin 25 mg: 11/765 (1%) 

Ridderstrale, 
2014183 

104 weeks MedDRA definition  Metformin + glipizide: 7/408 (1.7%) 
Metformin + dapagliflozin 10 mg: 6/406 (1.5%) 

MedDRA = Medical Dictionary for Regulatory Activities; mg = milligrams 

Combination of Metformin Plus a DPP-4 Inhibitor Versus a Combination of 
Metformin Plus a SGLT-2 Inhibitor 

Two RCTs compared metformin plus DPP-4 with metformin plus SGLT-2 inhibitor and 
showed no clear differences in volume depletion outcomes.125, 127 Both studies reported active 
ascertainment of the outcome. One 52-week RCT comparing metformin plus sitagliptin to 
metformin plus 100mg of canagliflozin and 300 mg of canagliflozin reported similar incidences 
in orthostatic hypotension (0% to 0.3% across all three arms).127 One 12-week RCT comparing 
metformin plus sitagliptin with metformin plus canagliflozin reported slightly more events 
related to hypovolemia in the arms receiving the lower doses of canagliflozin [1/65 (2%) for 
metformin plus sitagliptin versus 4/64 (6%) for metformin plus canagliflozin 100 mg, 3/65 (5%) 
for metformin plus canagliflozin 200 mg, 1/64 (2%) for metformin plus canagliflozin 300 mg].125 
(SOE: Low; Neither favored) 

264 



Strength of Evidence for Volume Depletion 
The strength of evidence for the comparative effects of monotherapy and metformin-based 

combinations are presented in Table 116 and Table 117 and summarized in the key points. All 
studies were RCTs. Study limitations for all the comparisons were low. Where quality influences 
results, we describe that under the appropriate comparisons. In general, we did not find strong 
differences in outcomes in the lower versus higher quality studies. We did not find any evidence 
of publication bias in any of the comparisons for volume depletion. We also did not find any 
evidence of publication bias or reporting bias in the grey literature review.  
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Table 116. Strength of evidence domains for monotherapy comparisons in terms of volume depletion among adults with type 2 diabetes 
Comparison* Number of 

Studies 
(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin vs. SGLT-2 
inhibitors 

2 (992) Medium  Inconsistent  Direct Imprecise Undetected Low Conflicting results 
from 2 RCTs 

Metformin vs. metformin + 
SGLT-2 inhibitors 

5 (2,061) Medium  Consistent Direct Imprecise Undetected Low Neither favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 

Table 117. Strength of evidence domains for metformin-based combination comparisons in terms of volume depletion among adults 
with type 2 diabetes 

Comparison Number of 
Studies 

(Subjects) 

Study 
Limitations 

Consistency Directness Precision Reporting 
Bias 

Strength of 
Evidence 

Summary 

Metformin + SU vs. 
metformin + SGLT-2 
inhibitors 

3 (3,815) Medium  Inconsistent Direct Imprecise Undetected Low Neither favored 

Metformin + DPP-4 
inhibitors vs. metformin + 
SGLT-2 inhibitors 

2 (1,735) Medium  Inconsistent  Direct Imprecise Undetected Low Neither favored 

DPP-4 inhibitors = dipeptidyl-peptidase 4 inhibitors; GLP-1 agonists = glucagon-like peptide-1 agonists; SGLT-2 inhibitors = sodium-glucose co-transporter 2 inhibitors; SU = 
sulfonylurea; TZD = thiazolidinedione 
* We only list comparisons that were evaluated by at least one randomized controlled trial. All other comparisons were considered to have insufficient evidence due to a lack of 
available evidence. 
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Key Question 4: Subgroups 
Although forty studies reported on the comparative effectiveness and safety for sub-

populations relevant to Key Question 4 (Appendix D, Table 14), few studies had sufficient 
power to assess comparative effectiveness or safety by subgroup. The evidence favoring one 
medication over another across subgroups is unclear. 

We included 33 RCTs and six cohort studies that addressed this key question. The majority 
of these trials (n=19) evaluated subgroup effects on the outcome of HbA1c.72, 75, 76, 87, 95, 108, 110, 

111, 114, 118, 120, 123, 150, 152, 177, 178, 191, 259, 260 RCTs also included subgroup results on weight gain,134, 

228, 261 nephropathy,252 hypoglycemia,175, 179 and fractures.263 The cohort studies’ included 
subgroup results for mortality,223, 233, 264 cardiovascular events,232, 233 and kidney disease 
progression.236  

We were unable to draw conclusions about the differential effects of medications in the 
specified sub-populations because of the small number of studies available for any one outcome 
for the included comparisons.  

Subgroups Defined by Age 

Hemoglobin A1c 
Sixteen RCTs, out of the 19 reporting on subgroups for this outcome, did not find differences 

in the effects of diabetes medications on HbA1c by age.72, 74, 76, 87, 95, 108, 110, 111, 114, 118, 120, 123, 150, 

152, 178, 260  

Cardiovascular Mortality and Morbidity 
We included two retrospective cohort studies which reported on cardiovascular outcomes by 

age. One study compared in metformin users, glimepiride users, and glyburide users.232 
Metformin and glimepiride use were both associated with lower risk of nonfatal CVD events 
compared with glyburide use among older participants (>51 years old) (Adjusted HR for 
metformin vs. glyburide, HR, 0.28; 95% CI, 0.20 to 0.39 ) In the younger age group, metformin 
was also associated with a decreased risk of cardiovascular events (adjusted HR for metformin 
vs. glyburide, 0.39; 95% CI, 0.21 to 0.73). Another retrospective cohort study compared 
metformin with sulfonylureas and found no difference in the incidence of death or cardiovascular 
events across age groups.233  

Hypoglycemia 
Two RCTs evaluating the risk of hypoglycemia by age reported no differences by age for the 

combination of metformin and a sulfonylurea versus the combination of metformin and a DPP-4 
inhibitor.175, 179 

Kidney Function Decline 
A retrospective cohort study compared the effect of metformin, rosiglitazone and 

sulfonylureas on kidney function and found no differences by age for kidney disease 
progression.236 
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Subgroups Defined by Sex 

Hemoglobin A1c 
Fifteen RCTs examined the impact of sex on glycemic control (HbA1c) for the comparisons 

of interest and found no differences by sex.72, 74, 76, 87, 95, 108, 110, 111, 114, 118, 120, 123, 150, 152, 262  

Weight 
One trial reported a greater weight reduction among men compared with women for the 

combination of metformin plus dapagliflozin vs. metformin: the mean decrease at 24 weeks 
attributable to the addition of dapagliflozin was 2.76 kg for men vs. 1.22 kg for women, P for 
interaction = 0.048).134  

Long-Term Clinical Outcomes 
The two retrospective cohort studies described above comparing the effect of metformin and 

different sulfonylureas on cardiovascular risk, found no association between treatments and 
cardiovascular outcomes by sex.232, 233 However, a retrospective cohort of new monotherapy 
users found that compared with those on metformin, women on rosiglitazone had a higher risk of 
death (RR, 6.21; 95% CI, 1.22 to 19.65) than men (RR, 1.76; 95% CI, 1.41 to 2.18).223 

Hypoglycemia 
One study compared the combination of metformin and glimepiride with the combination of 

metformin and sitagliptin and found no differences by gender for this outcome.175 

Fractures 
A retrospective analysis of the ADOPT trial found that women treated with rosiglitazone 

experienced an increased risk of fracture relative to those treated with metformin or glyburide 
(HR, 1.57 and 1.61, respectively); the investigators did not find an increased risk of fracture 
among men in this study with a median of 4 years of followup.263  

Subgroups Defined by Race/Ethnicity 

Hemoglobin A1c  
Eleven RCTs examined the impact of race on HbA1c reduction, and found no differences by 

race for the comparisons studied.74, 76, 95, 108, 110, 114, 120, 123, 150, 152, 178  

Kidney Function Decline 
A single retrospective cohort evaluating the effects of metformin, glyburide, and glimepiride 

on progression of chronic kidney disease found no differences by race for this outcome.236 

Subgroups Defined by Body Mass Index 

Hemoglobin A1c 
Fourteen RCTs found no differences by baseline BMI on the effects of diabetes medications 

on HbA1c reduction for the comparisons studied.72, 74, 76, 87, 95, 108, 110, 114, 118, 123, 150, 152, 178, 262  
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Discussion 
This systematic review addresses the comparative effectiveness and safety of diabetes 

medications used most frequently in the United States as monotherapy and compares add-on 
therapy to metformin (combination therapies) with each other. This review updates and adds to 
two previous comparative effectiveness reviews (CER) published in 200715 and 201116 by 
focusing on the head-to-head comparisons of medications that should be of greatest relevance to 
clinicians and their patients (Table 2), particularly those for which evidence was previously 
lacking. We broadened the scope by including seven new Food and Drug Administration (FDA)-
approved medications including one new medication class, the sodium-glucose co-transporter-2 
(SGLT-2) inhibitors. We identified 115 new studies, which included 96 trials and 19 
observational studies that have been published since we completed our 2011 review. Our 
comprehensive review of the newer medication classes in comparison with other medications 
and comparisons of combination therapies is an important contribution to the literature because it 
is the first to address this many comparisons for a wide range of outcomes in patients with type 2 
diabetes mellitus. 

Key Findings in Context 

Intermediate Outcomes 

Hemoglobin A1c 
HbA1c is unequivocally linked to microvascular disease,10, 265, 266 making it a good proximal 

outcome to measure. Consistent with the prior 2011 report,16 most oral diabetes medications 
(thiazolidinediones, sulfonylureas, and metformin) had similar efficacy in achieving reductions 
in HbA1c as monotherapy (Figure 97). The one exception was that metformin had a greater 
reduction in HbA1c compared with DPP-4 inhibitors, consistent with the prior report.16  In the 
last report,16 metformin versus sulfonylurea was graded as high showing no significant between-
group differences in HbA1c; therefore, it was not updated in this report. While metformin versus 
GLP-1 agonists and metformin versus SGLT-2 inhibitors also showed no clear between-group 
differences in HbA1c, they were graded as low strength of evidence since the three studies in 
each comparison were imprecise and inconsistent. In this update, we found inconsistent findings 
in the studies of GLP-1 agonists. It may be that the individual GLP-1 agonists have different 
effects on HbA1c. A 2011 Cochrane systematic review showed small between-group differences 
in HbA1c, around 0.3%, in the effect of different GLP-1 agonists.267 The strength of evidence 
was graded as insufficient for the other monotherapy comparisons with the newer classes of 
SGLT-2 inhibitors and GLP-1 agonists, and will warrant further study.  

All metformin combination therapies were better at reducing HbA1c than metformin 
monotherapy regimens, with between-group differences of around 0.7 to 1 absolute percentage 
points (Figure 97). While several moderate strength of evidence combination comparisons were 
significantly favored over the comparator combination (Figure 97), most between-group 
differences were small (<0.3%) with questionable clinical relevance.  Only one combination 
comparison with moderate strength of evidence was favored by >0.3% over any other 
combination comparison:  the combination of metformin plus a GLP-1 agonist reduced HbA1c 
more than metformin plus a DPP-4 inhibitor. Two prior network meta-analyses268, 269 showed 
that most metformin combination comparisons had similar reductions in HbA1c. However, the 
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direct comparisons evaluated in this report are more precise than indirect comparisons found in 
network meta-analyses.  

Figure 97. Pooled between-group differences in hemoglobin A1c and strength of evidence for 
monotherapy and metformin-based combination comparisons 

 
BL = baseline; CI = confidence interval; DPP4 = dipeptidyl peptidase-4 inhibitors; ES = effect size (mean between-group 
difference in HbA1c); GLP1 = glucagon-like peptide-1 agonists; HbA1c = hemoglobin A1c; Met = metformin; PLE = profile 
likelihood estimate; SGLT2 = sodium-glucose co-transporter-2 inhibitors; SU = sulfonylurea; TZD = thiazolidinedione; wks = 
weeks 
The width of the horizontal lines represents the 95 percent confidence intervals for each pooled analysis. 

Weight 
Monotherapy and combination medication comparisons generally showed significant 

between-group differences when comparing medications anticipated to increase weight 
(sulfonylurea, thiazolidinediones) with medications expected to maintain or decrease weight 
(metformin, DPP-4 inhibitors, GLP-1 agonists, and SGLT-2 inhibitors) (Figure 98). In the prior 
report, metformin versus thiazolidinedione and metformin versus sulfonylureas were found to 
favor metformin with differences of 2.5 kg, with high strength of evidence; therefore, these 
comparisons were not updated. Several monotherapy comparisons demonstrated weight changes 
in the same direction. Metformin decreased weight more than DPP-4 inhibitors, while 
sulfonylureas caused slightly less weight gain than thiazolidinediones. SGLT-2 inhibitors 
decreased weight more than metformin and more than DPP-4 inhibitors.(Figure 98). Compared 
with metformin plus a DPP-4 inhibitor, the combinations of metformin plus GLP-1 agonist and 
metformin plus SGLT-2 inhibitors were favored. The strength of evidence is moderate favoring 
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metformin plus a sulfonylurea over metformin plus a premixed or long-acting insulin (between-
group difference ranging from 0.5 kg to 1.7 kg).  

Notably, weight gain was small to moderate in the trials in which participants gained weight; 
even in the longest trials, weight gain was less than 5 kg. However, even small amounts of 
weight gain (5 percent to 10 percent of body weight) may be associated with increased insulin 
resistance.270 Drug effects on weight may impact the choice of the drug added for second-line 
combination therapy in a patient not well controlled on a single agent. Our findings about 
diabetes medications effects on weight are similar to other prior systematic reviews.16, 267, 271 As 
monotherapy and in combination with metformin, thiazolidinediones and sulfonylurea are 
associated with weight gain, DPP-4 inhibitors with weight maintenance, and SGLT-2 inhibitors 
and GLP-1 agonists are associated with weight loss.16, 267, 271, 272 Our systematic review builds on 
prior work by adding more direct comparative data about metformin combination comparisons, 
which further confirm the known weight effects of the individual medications. 

Figure 98. Pooled between-group differences in weight and strength of evidence for monotherapy 
and metformin-based combination comparisons 

 
Basal = basal insulin; BL = baseline; CI = confidence interval; DPP4 = dipeptidyl peptidase-4 inhibitors; ES = effect size (mean 
between-group difference in weight); GLP1 = glucagon-like peptide-1 agonists; kg = kilograms; Met = metformin; PLE = profile 
likelihood estimate; premixed = premixed insulin; SGLT2 = sodium-glucose co-transporter-2 inhibitors; SU = sulfonylurea; TZD 
= thiazolidinedione; wks = weeks 
The width of the horizontal lines represents the 95 percent confidence intervals for each pooled analysis. 
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Systolic Blood Pressure and Heart Rate 
Systolic blood pressure and heart rate were evaluated for the newer classes of medications, 

the SGLT-2 inhibitors and GLP-1 agonists due to suspected effects of these medications based 
on prior literature.267, 271 Blood pressure control is important in adults with diabetes.203, 273-275 The 
United Kingdom Prospective Diabetes Study (UKPDS) showed that for every 10 mmHg 
decrease in systolic blood pressure, there is a 15% decrease in diabetes-related deaths.274 
Consistent with a prior systematic review on SGLT-2 inhibitors,271 the SGLT-2 inhibitors 
consistently reduced systolic blood pressure in all comparisons where there were sufficient 
numbers of studies (significant between-group differences of 3 to 5 mmHg when compared with 
other diabetes medications which have no effect on blood pressure). Our review builds on this 
prior work by evaluating direct comparisons of specific medication classes as comparators, as 
opposed to lumping all active comparators together. This is especially important since 
thiazolidinediones and GLP-1 agonists also have been associated with decreases in systolic blood 
pressure by 3 to 5 mmHg.15, 267 Also, metformin plus a GLP-1 agonist had a greater reduction in 
systolic blood pressure compared with metformin alone (pooled between-group difference, 3.1 
mmHg; 95% confidence interval [CI], 1.4 to 4.9 mmHg), with moderate strength of evidence. 
While the clinical relevance of these small differences is unclear, a change of 3-5 mmHg is about 
half the effect of a low sodium diet (around 7-11 mmHg) and about one-third the effect of blood 
pressure medications (around 10-15 mmHg).276, 277  

Increased heart rate is associated with increased mortality.278 However, whether heart rate is 
an independent predictor of long-term clinical outcomes such as mortality is less clear.40 We 
opted to evaluate heart rate for the newer medications SGLT-2 inhibitors and GLP-1 agonists 
given its association with mortality. In addition, we wanted to see if the benefits from blood 
pressure reduction might be offset by a concomitant increase in heart rate. We did not identify 
any prior systematic reviews that have evaluated this outcome for the diabetes comparisons of 
interest. Only two comparisons had sufficient data to grade the evidence as more than 
insufficient or low. Surprisingly, SGLT-2 inhibitors in combination with metformin were found 
to decrease heart rate by 1.5 bpm (95% CI, 0.6 bpm to 2.3 bpm) when compared with metformin 
plus a sulfonylurea; metformin and GLP-1 agonists showed no differences in heart rate between 
groups. Therefore, these early findings support minimal to no effects on heart rate and no 
increase in heart rate for the newer medications. 

Long-Term Clinical Outcomes 
Compared to the prior report,16 the evidence on long-term outcomes of mortality, 

cardiovascular mortality, and cardiovascular morbidity was strengthened for many comparisons 
although most of this evidence was of low strength (Table 119). We were also able to report 
stronger evidence about some comparisons for which there had only been low-strength evidence. 
The evidence regarding cardiovascular mortality was generally stronger than that for 
cardiovascular morbidity because of more uniformity in outcome definitions and more consistent 
reporting of events. The evidence regarding treatment effect on microvascular outcomes remains 
largely insufficient. Overall, the evidence base on long-term clinical outcomes was limited by the 
low number of studies evaluating the same comparisons, lack of RCTs designed to evaluate these 
outcomes, short duration of RCTs, the lack of uniform reporting on these outcomes in all study 
arms, and a lack of high-quality observational studies, as may be needed for adequate power to 
detect rare outcomes. Most notably, none of the included RCTs were designed to evaluate these 
long-term outcomes. 
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All-Cause Mortality, Cardiovascular Mortality, and Cardiovascular 
Morbidity 

This report builds substantially on our prior results for metformin versus sulfonylurea 
monotherapy.16 We found high strength of evidence that metformin was associated with a 37% 
to 50% lower risk of cardiovascular mortality compared with sulfonylureas, and metformin was 
also favored over sulfonylurea monotherapy for cardiovascular morbidity (moderate strength of 
evidence [SOE]). Our findings on sulfonylurea monotherapy enhance findings from meta-
analyses published in 2012 and 2013 which relied more heavily on observational data or did not 
evaluate metformin versus sulfonylurea monotherapy specifically.279, 280 

We evaluated pioglitazone and rosiglitazone separately when they were compared with other 
drug classes for all-cause mortality and cardiovascular outcomes given concerns about 
cardiovascular risk and mortality associated with rosiglitazone raised previously281 and acted 
upon by the FDA through substantial restrictions on prescribing and dispensing of this 
medication in 2010.282, 283 The strength of evidence increased from the prior report for many of 
the thiazolidinedione comparisons. Compared to metformin monotherapy, pioglitazone was 
associated with similar rates of all-cause mortality (moderate SOE) and cardiovascular morbidity 
(moderate SOE).   

We had little evidence on the combination of metformin plus a sulfonylurea or metformin 
plus a thiazolidinedione. In The Rosiglitazone Evaluated for Cardiovascular Outcomes in oral 
agent combination therapy for type 2 Diabetes (RECORD) Trial, 4,447 participants with diabetes 
were randomized to a rosiglitazone-based combination (with either metformin or sulfonylurea) 
or to the combination of metformin plus a sulfonylurea.44 We excluded this study from this 
outcome assessment because it did not stratify results by a comparison of interest. This trial did 
not find a difference between rosiglitazone-based two-drug therapy and metformin plus a 
sulfonylurea for the primary endpoint, which was cardiovascular hospitalization or death. After 
5.5 years, all-cause mortality, cardiovascular death, and stroke were slightly higher in the 
metformin plus sulfonylurea arm, and myocardial infarction rates were slightly (non-statistically 
significantly) higher in the rosiglitazone combination therapy arm. Of note, the FDA 
commissioned an independent re-adjudication and analysis of the data from RECORD and 
subsequently (in 2013) lifted their restrictions on rosiglitazone usage.284 

We identified many new studies evaluating all-cause mortality and cardiovascular outcomes 
for DPP-4 inhibitor comparisons, but most of this evidence was of low strength. High strength of 
evidence did show that metformin and the combination of metformin plus a DPP-4 inhibitor 
were associated with similar short-term all-cause mortality (Figure 99).  We also identified 
unpublished evidence that may have increased our grading of the strength of evidence from low 
to moderate for DPP-4 inhibitor-based therapy vs. sulfonylurea-based therapy.  An unpublished 
study suggested a reduction in all-cause mortality for DPP-4 inhibitor vs. sulfonylurea 
monotherapy, and another unpublished study suggested that the combination of metformin plus a 
DPP-4 inhibitor was associated with a lower all-cause mortality and cardiovascular morbidity 
compared to the combination of metformin plus a sulfonylurea. 

Several meta-analyses published since the 2011 report have evaluated DPP-4 inhibitors and 
all-cause mortality and cardiovascular outcomes; they tended to combine comparators (active, 
placebo, or both) against DPP-4 inhibitors so were not conclusive about specific drug 
comparisons. These reviews have generally found that DPP-4 inhibitors are similar to other 
agents, considered in aggregate, for all-cause mortality and associated with lower cardiovascular 
mortality and morbidity – based on mainly non-statistically significant findings. Outside of these 
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meta-analyses, since the prior report, the large Saxagliptin Assessment of Vascular Outcomes 
Recorded in Patients with Diabetes Mellitus Thrombolysis in Myocardial Infarction (SAVOR-
TIMI) 53 RCT randomized 16,492 high-risk patients with diabetes to saxagliptin or placebo and 
continued prior diabetes medications per routine clinical care.285 Over a median of 2.1 years, 
there was no difference in the primary endpoint (cardiovascular death, myocardial infarction, and 
stroke) or in cardiovascular mortality between arms. The risk of death from any cause was non-
significantly higher for the saxagliptin versus placebo arm (hazard ratio [HR], 1.11; 95% CI, 
0.96 to 1.27; P =0.15); the absolute risk difference for all-cause mortality was 0.3% for 
saxagliptin versus placebo. Unlike the meta-analyses that compared DPP-4 inhibitors to any 
drug, this placebo-controlled study did not suggest a cardiovascular benefit for DPP-4 inhibitors. 

The evidence remains largely insufficient or of low strength regarding mortality and 
cardiovascular benefits or harms associated with GLP-1 agonists.  A recent meta-analysis 
suggested no difference in mortality rates for GLP-1 agonists compared with other agents but did 
not make explicit monotherapy or combination comparisons.286 

Regarding the newest class of medications, the SGLT-2 inhibitors, we found moderate 
strength of evidence that all-cause mortality was similar for the combination of metformin plus 
an SGLT-2 inhibitor compared with metformin monotherapy. Our findings build on a recent 
systematic review which only evaluated monotherapy comparisons for SGLT-2 inhibitors.271 The 
evidence on cardiovascular mortality and morbidity for SGLT-2 inhibitor comparisons was 
limited.  

Figure 99. Pooled odds ratios of all-cause mortality and strength of evidence for monotherapy and 
metformin-based combination comparisons 

  
CI = confidence interval; DPP4 = dipeptidyl peptidase-4 inhibitors; ES = effect size (odds ratio); Met = metformin; SGLT2 = 
sodium-glucose co-transporter-2 inhibitors; SU = sulfonylurea 
The width of the horizontal lines represents the 95 percent confidence intervals for each pooled analysis. 
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Retinopathy, Nephropathy, and Neuropathy 
While we found more evidence on microvascular outcomes compared to the 2011 report,16 

all evidence was of low strength or inconclusive, thereby limiting substantial conclusions. We 
did not identify any other evidence syntheses of these microvascular outcomes published since 
the prior report.  

Adverse Events 

Hypoglycemia 
We confirmed the elevated risk of mild, moderate, or total hypoglycemia associated with 

sulfonylureas, either alone or in combination, compared with both the older and newer 
hypoglycemic agents (Figure 100). Of the combination comparisons, we also confirmed that 
metformin plus premixed insulin had higher hypoglycemia risk than metformin plus basal 
insulin. We added new information related to severe hypoglycemia. We found moderate to high 
strength of evidence that sulfonylureas had about 1.5 times increased risk of severe 
hypoglycemia when compared with metformin or thiazolidinedione monotherapy. Similarly, in 
combination with metformin, sulfonylureas had a greater risk of severe hypoglycemia when 
compared with the combination of metformin plus DPP-4 inhibitors or SGLT-2 inhibitors. We 
also found moderate strength of evidence that metformin plus DPP-4 inhibitors had similarly few 
to no severe hypoglycemia events when compared with metformin monotherapy or metformin 
plus a thiazolidinedione. 

For the newer medications (SGLT-2 inhibitors, GLP-1 agonists, and DPP-4 inhibitors), we 
added to the evidence base by summarizing data showing that SGLT-2 inhibitors may have 54% 
less risk of hypoglycemia than metformin, although absolute event rates were small in both arms. 
This is consistent with a high quality systematic review of the SGLT-2 inhibitors which also 
shows a non-significant lower risk of hypoglycemia in the SGLT-2 inhibitor arms compared with 
active comparators, although excluding sulfonylureas.271 We also found that when compared 
with metformin plus basal insulin, metformin plus a GLP-1 agonist had less hypoglycemia risk. 
This is especially important when considering which injectable medication to add as second line 
therapy. 

Prior systematic reviews of individual classes of newer agents had sparse data on 
hypoglycemia when compared with active comparators, although the newer classes were 
generally found to have rare hypoglycemia events.267, 271, 287 While we found more studies 
comparing metformin combinations with metformin plus sulfonylurea, there were still few 
studies on the newer medication classes as monotherapy and in combination with metformin. 
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Figure 100. Pooled odds ratios of hypoglycemia and strength of evidence for monotherapy and 
metformin-based combination comparisons 

 
CI = confidence interval; DPP4 = dipeptidyl peptidase-4 inhibitors; ES = effect size (odds ratio); Met = metformin; SGLT2 = 
sodium-glucose co-transporter-2 inhibitors; SU = sulfonylurea; TZD = thiazolidinediones 
The width of the horizontal lines represents the 95 percent confidence intervals for each pooled analysis. 

Gastrointestinal Side Effects 
Metformin and GLP-1 agonists as monotherapy and in combination had about a two-fold 

increased risk of gastrointestinal (GI) events when compared with most other comparators, with 
moderate to high strength of evidence. Several medications had similar rates of GI events with 
moderate or high strength of evidence: thiazolidinedione versus sulfonylurea, metformin plus a 
sulfonylurea versus metformin plus a DPP-4 inhibitor, metformin plus a thiazolidinedione versus 
metformin plus a sulfonylurea, metformin plus a sulfonylurea versus metformin plus a SGLT-2 
inhibitor, metformin monotherapy versus metformin plus a SGLT-2 inhibitor, and metformin 
monotherapy versus metformin plus a DPP-4 inhibitor.  

We confirmed findings of the 2011 report16 showing that metformin had a greater risk of GI 
events than thiazolidinediones, sulfonylureas, or DPP-4 inhibitors. We also report new findings 
showing GLP-1 agonists have higher risk of GI events when compared with thiazolidinediones 
and sulfonylureas, both as monotherapy or when used in combination with metformin. Our data 
confirm the GLP-1 comparative findings from a prior Cochrane systematic review,267 and adds 
information about specific combination comparisons and specific types of GI events. Of note, 
GLP-1 agonists also had higher risk of nausea and vomiting than metformin but no significant 
difference in diarrhea. Surprisingly, the combinations of metformin plus DPP-4 inhibitors did not 
have worse GI events than metformin monotherapy or metformin combinations despite the DPP-
4 inhibitors known side effects of nausea.287 Lastly, we report new findings that SGLT-2 
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inhibitors showed no increased risk of GI events when compared in combination with metformin 
against metformin plus sulfonylureas or compared with metformin monotherapy.  

Cancer 
The evidence about cancer was generally insufficient because of a lack of studies, and the 

existing evidence was of low strength. Most published studies for the comparisons did not report 
on cancer events in all arms which limited our ability to synthesize the evidence quantitatively 
and to draw conclusions.   

Reviews and meta-analyses published since the 2011 report show that metformin decreases 
the risk of many types of cancer288, 289 and suggest that pioglitazone290 increases the risk of 
bladder cancer slightly, but we did not include many of the studies supporting those conclusions 
because of our stringent inclusion criteria for observational studies. We excluded the 
PROspective pioglitAzone Clinical Trial In macroVascular Events (PROactive) Study291 since it 
did not evaluate a comparison of interest. This trial found a higher rate of bladder cancer in the 
pioglitazone versus placebo arm which did not persist in the 5.8-year followup study that 
included only 74% of the original study population, the majority of whom did not take 
pioglitazone after the randomized period.292 

However, our review adds low strength of evidence for many comparisons, mainly on 
comparisons of GLP-1 agonists and DPP-4 inhibitors. Evidence on these therapies and cancer 
outcomes is of particular interest given the preclinical evidence linking incretins (the GLP-1 
agonists and DPP-4 inhibitors) to cancer. The FDA prescribing information for the GLP-1 
agonists,293, 294 liraglutide and albiglutide, includes a warning regarding the potential for a link 
between these agents and medullary thyroid cancer based on data in mice and rats.295 The 
evidence that we identified on the incretin-based therapies and cancer was of low strength and 
conflicted.  

Congestive Heart Failure 
We found low strength of evidence of about a 1.4-fold increased risk of heart failure with the 

thiazolidinedione class of medications, when compared with metformin or sulfonylureas, which 
was also reported in two recent meta-analyses.296, 297 There were no long-term trials and only a 
few observational studies of medium quality that could provide a comparative assessment of 
safety of diabetes medications on congestive heart failure.  Both thiazolidinediones, rosiglitazone 
and pioglitazone, are contraindicated in patients with serious or severe heart failure (Stage 3 or 
Stage 4) according to product labels.298, 299 Our strength of evidence on this outcome dropped to 
low strength of evidence in this update (from moderate in the prior review) since we excluded 
lower quality observational studies and also excluded the RECORD study for this outcome due 
to the active comparator being either sulfonylurea or metformin instead of a single active 
comparator. RECORD showed that the combination of thiazolidinediones and another agent 
(sulfonylurea or metformin) was associated with a significant doubling in the risk of heart failure 
in comparison to the combination of sulfonylurea and metformin (61/2220 versus 29/2227, risk 
ratio (RR), 2.1; 95% CI, 1.35 to 3.27).44

  
We had low or insufficient strength of evidence for most other medication comparisons for 

heart failure, including the newer agents. The SAVOR-TIMI 53 trial,285 mentioned above, was 
excluded from our systematic review of head-to-head comparisons of diabetes medications since 
it compared saxagliptin with placebo. Hospitalization for heart failure was reported in 289/8280 
(3.5%) in the saxagliptin arm versus 228/8212 (2.8%) in the matching placebo arm, with a HR of 
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1.27 (95% CI, 1.07 to 1.51). Due to this finding, the FDA has requested trial data from the 
manufacturer to analyze whether there might be an increased risk of heart failure with 
saxagliptin.300 Further research directly comparing DPP-4 inhibitors with other active 
comparators on heart failure outcomes will be critical for determining the comparative safety of 
these medications on heart failure risk. 

Liver Injury 
Similar to the 2011 report, we found little evidence on liver injury. Compared to the prior 

report, we downgraded the available evidence for metformin versus thiazolidinedione 
monotherapy (from moderate to low) and downgraded the evidence for thiazolidinedione versus 
sulfonylurea monotherapy (from high to low). Notably, there is are FDA warnings of post-
marketing cases of hepatic failure for both alogliptin and pioglitazone, but we found low or 
insufficient strength of evidence for TZD- and DPP-4 inhibitor-based comparisons and liver 
injury.   

Lactic Acidosis 
Even though there is continued concern about an increased risk of lactic acidosis with 

metformin, we found low or insufficient evidence on the comparative safety of metformin-based 
therapy and lactic acidosis. Consistent with the prior report16 and an updated Cochrane review on 
this topic,301 we did not find an increased risk of lactic acidosis with metformin based on the low 
strength of evidence identified.  

Pancreatitis 
Compared to the prior report, we identified many more studies on pancreatitis but found low 

strength of evidence for most comparisons. An exception is the finding that metformin and the 
combination of metformin plus a DPP-4 inhibitor are associated with similar rates of pancreatitis. 
The DPP-4 inhibitors and GLP-1 agonists were of most interest for this outcome given the 
spontaneous reports to the FDA of pancreatitis associated with these agents. We excluded some 
of the Liraglutide Effect and Action in Diabetes (LEAD) RCTs from this report because they did 
not evaluate comparisons of interest;302 seven participants exposed to liraglutide and one exposed 
to a sulfonylurea were diagnosed with pancreatitis across the six LEAD trials.303 In the SAVOR 
TIMI 53 trial, definite acute pancreatitis occurred in 17 participants in the saxagliptin arm and 
nine in the placebo arm (P =0.17), and the authors concluded that there was no increased risk of 
pancreatitis for saxagliptin versus placebo.285 In addition to these key trials, systematic reviews 
and recent observational studies, with some exceptions,304 have not found an increased risk of 
pancreatitis with incretins compared with other therapy.305-308 

Severe Allergic Reactions  
In the prior report, we did not find evidence on severe allergic reactions. However, the issue 

of hypersensitivity reactions with diabetes medications has become more prominent with the 
uptake of DPP-4 inhibitors309 and GLP-1 agonists.310-312 In March, 2012, the FDA added a 
warning about the risk of hypersensitivity reactions with DPP-4 inhibitors.313 Although still of 
low strength, we found the strongest evidence (based on four RCTs) that the addition of a DPP-4 
inhibitor to metformin increases the risk of hypersensitivity reactions over metformin 
monotherapy alone. Prior data on the risk of hypersensitivity reactions with DPP-4 inhibitors has 
been mixed.309 Of note, over a median followup of 2.1 years, the SAVOR-TIMI 53 trial 
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(described above) found similar rates of hypersensitivity reactions for saxagliptin compared with 
placebo.285  

Macular Edema and Decreased Vision  
We have not found conclusive evidence in the prior or this report on these outcomes. A 

concern regarding the risks of macular edema with the thiazolidinediones persists and is based 
primarily on observational studies.314-316 Seven compared with three participants in the 
rosiglitazone and active comparator arms, respectively, developed macular edema in the 
RECORD trial (described above), although there were more than 2000 treated in each arm.44 

Adverse Events Specific to SGLT-2 Inhibitors 
Our findings of an increased risk of genital mycotic infections for SGLT-2 inhibitors 

compared to other agents are consistent with recent reviews of this topic.271, 317 The existing 
systematic reviews did not evaluate comparative effectiveness but instead grouped comparators 
together for synthesis. 

In contrast to one of these recent systematic reviews of SGLT-2 monotherapy,271 we did not 
find an increased risk of urinary tract infection (except for low-strength evidence in women for 
SGLT-2 inhibitor monotherapy relative to DPP-4 inhibitors) or volume depletion events. That 
review also found evidence of increased risk of hypotension for SGLT-2 inhibitor monotherapy, 
while we had low strength of evidence on volume depletion events. We also evaluated fracture 
risk and renal insufficiency associated with SGLT-2 inhibitors given the issues raised about these 
adverse events in Vasilakou et al 2013; in that review, the authors did not make conclusions 
about these outcomes as their data were limited. Similarly, we did not identify substantial 
evidence on these outcomes either. The other large systematic review evaluated the combination 
of metformin plus SGLT-2 inhibitors and the combination of metformin plus DPP-4 inhibitors; 
this review did not find an increase in the risk of UTI and did not report on fractures or renal 
insufficiency.317 

Subgroups 
The limited evidence on subgroups was for the outcome of HbA1c and did not show 

differential effects of the included comparisons on glycemic control by age, sex, race/ethnicity, 
or BMI. Otherwise, the evidence on the comparative effectiveness of diabetes medications in 
subgroups defined by age, sex, race/ethnicity, and BMI was generally inconclusive. This is 
especially unfortunate for the age and race/ethnicity sub-populations because of the known 
disparities in diabetes prevalence and diabetes outcomes for these groups. Older Americans 
suffer disproportionately from diabetes with over 25% of persons 65 years or older having 
diabetes compared to 16.2% of persons ages 45 to 64, and there is concern about the safety of 
medications (and polypharmacy) in older adults.1, 8 Also, compared to non-Hispanic white adults 
in the US, diabetes is 20% more common in Asian Americans, 70% more common in Hispanics 
and non-Hispanic blacks, and twice as common in American Indians/Alaska Natives.1 Racial and 
ethnic minorities are also more likely to suffer from diabetes complications including diabetic 
end-stage renal disease,318 retinopathy,319 amputations, hospitalization for cardiovascular 
outcomes,320 and diabetes-related mortality.321 Finally, racial and ethnic minorities are less likely 
to have controlled diabetes (HbA1c <7%), but are more likely to be on oral treatment only for 
diabetes.322  
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Applicability 
The applicability of these studies depends largely on the similarity of the study populations to 

the U.S. population with type 2 diabetes and the similarity of the interventions to usual clinical 
care (e.g., comparability of the drug interventions including dosing and duration of exposure to 
drugs). The included studies generally had populations, interventions, outcomes, and settings 
applicable to U.S. adults with type 2 diabetes with a few notable exceptions as described below. 

Study population differences are the most pronounced threat to applicability. Study 
participants were mainly middle-aged (mean age in the mid 50s), overweight or obese adults 
who had diabetes for 3 to 7 years at the start of the studies. This is similar to the U.S. population 
with type 2 diabetes which has a mean age of 60.5 years and a mean BMI of 33 kg/m2 (23.5% 
overweight, 65.3% obese).323

 Most studies excluded older people over the age of 75 or 80 years 
and excluded people with significant renal, hepatic, and cardiovascular disease, and other 
significant co-morbid conditions, making these studies less applicable given that 52% of US 
adults with diabetes are over the age of 60, and just over 25% have a history of cardiovascular 
disease.323 When race was reported in the included studies, most subjects were Caucasian 
although about 10 to 20 percent of study participants were often other races. These studies are 
therefore less applicable to people of different races and ethnicities who make up about 40 
percent of the US population with diabetes, and importantly, these groups have greater diabetes 
burden than Caucasians (i.e., African Americans, Hispanics, Asian Americans and American 
Indians).1, 323 

Characteristics of the interventions could also impact applicability, and most studies used 
dosing, frequency, and monitoring comparable to usual care. One possible threat to applicability 
relates to the duration of drug exposure, especially for glycemic control. The vast majority of 
RCTs lasted for two years or less. In usual care, patients with diabetes are on medications for 
over 10 years and are on multiple medications which impact adherence and side effects. Also, 
the glycemic response to medications may degrade over time; retained insulin sensitivity may 
allow insulin sensitizers (like metformin) to work longer as monotherapy than medications that 
are not insulin sensitizers. Also, in roughly one-third of the included trials, rescue therapy was 
used if participants did not meet specific glycemic goals, and participants were often censored 
from the study at that time. Thus, the final results of these studies do not reflect what will occur 
with the clinical usage of the studied medications.  

We had few concerns regarding applicability of the trial settings to usual care. While many 
trials did not take place exclusively in the United States, they did occur in similar settings. About 
half the trials occurred partly or exclusively in the United States, Italy, and/or were 
multinational; the rest of the trials occurred in developed or newly industrialized countries. 
However, few of the trials (about 25 percent) reported on the setting of recruitment, such as 
primary care or specialty care, so we cannot definitively comment on how like this is to usual 
care. 

Implications for Clinical and Policy Decisionmaking 
This update provides additional evidence supporting metformin as the first-line medication 

therapy to treat type 2 diabetes when tolerated, and supports a number of treatment options for 
add-on to metformin based on patient preferences. Not only is metformin favored on many 
intermediate outcomes including HbA1c and weight, we found more conclusive evidence to 
support a greater benefit on cardiovascular morbidity and mortality with metformin over 
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sulfonylureas. This is consistent with several current guidelines such as the American College of 
Physicians324 and American Diabetes Association23 guidelines which recommend metformin as a 
first-line treatment choice. The American Association of Clinical Endocrinologists325 guideline 
also lists metformin as one of its first-line choices for treatment of type 2 diabetes, but allows 
more flexibility in the choice of first-line therapy.  

As the newer medications (DPP-4 inhibitors, SGLT-2 inhibitors, and GLP-1 agonists) remain 
on the market, become available as generics, and have additional data on comparative efficacy 
(for long-term outcomes) and safety, these newer medications may be preferred by patients. 
They have some unique effects on weight loss, specifically the SGLT-2 inhibitors and GLP-1 
agonists, and may offer the convenience of a once weekly injection over daily medication. 
However, the SGLT-2 inhibitors clearly increase the risk of genital mycotic infections compared 
to other agents, and GLP-1 agonists cause GI side effects. Therefore, the continued emphasis in 
guidelines about accounting for patient preferences when choosing therapy will be critical, as 
well as explaining benefits and potential harms accurately to patients in clinical practice.  

In terms of cost, pioglitazone is the newest agent that has a generic. The first patent for 
Byetta expires in December 2016 and Januvia will have a patent expiry in 2017. If generics are 
available soon after, this will give patients and clinicians more valid options for therapy. 
Clinically, the choice of therapy still depends a lot on patients’ out-of-pocket costs which are 
influenced by generic availability, insurance status, prescription coverage, and tier of medication. 
For drugs with comparable effectiveness and safety, particularly in the short-term, out-of-pocket 
costs drive clinical decisions more than small differences in the outcomes included in this report. 
Similarly, the decision by insurers to include a product as a preferred product, such as for lower 
tier placement, has more to do with negotiated prices than with small differences in clinical 
outcomes.  

In summary, we did not find large differences in HbA1c-lowering effects of the diabetes 
medications studied except for DPP-4 inhibitors which are not as effective. Weight effects of the 
medications are differential, and there is only evidence on cardiovascular mortality to support 
metformin over sulfonylureas. Each class of drug has different common side effects (e.g., 
hypoglycemia, GI side effects), and the evidence on rare, serious side effects is less clear. 
Therefore, factors such as patient preferences and costs are likely to continue to drive selection 
of and adherence to the diabetes medications. 

Limitations of the Comparative Effectiveness Review 
Process 

Several important limitations to our updated systematic review deserve mention. Because this 
was an update of a comprehensive review published in 2007 and an update in 2011, we focused 
our update a priori on studies with active control comparators, which are most relevant for 
clinical practice. Placebo-controlled trials had been included in the original 2007 review, but 
excluded in the 2011 update. In general, the majority of placebo-controlled trials are short. 
However, the exclusion of placebo-controlled trials has implications for the review, including the 
inability to evaluate rare outcomes using indirect comparisons. To conclude from an active-
control study that one medication is more effective than another requires prior knowledge that 
the active-control drug has been studied previously and is known to be more effective than 
placebo. Because the 2007 review had included placebo-controlled trials, we know that many 
drugs were more effective than placebo for the intermediate outcomes for many drug 
comparisons. However, this assumption may be less valid for the newer medications, where 
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evidence on comparisons with placebo from other systematic reviews, such as the Cochrane 
Reviews, will be also be helpful in making conclusions. 

In addition, our inclusion criteria required that all studies fit into one or more of the pre-
specified comparisons of interest (Table 2), which identified specific drug-drug or two-drug 
comparisons. For example, studies that included any number of “background medications” were 
excluded. Our rationale was to avoid attributing outcomes to the medication of interest when it 
was truly due to the background medication. This was especially important because of our goal 
of evaluating two-drug combinations. Applying the inclusion criteria, which required pre-
specified comparisons of interest, had several implications. This criteria required the exclusion of 
several large trials,9-12, 291, 326-330 some of which evaluated HbA1c lowering strategies rather than 
individual medications, as well as some smaller trials and observational studies. 

Of note, the RECORD study was included for the intermediate outcomes but excluded from 
this updated review for the long-term and safety outcomes since it did not stratify these outcomes 
by comparisons of interest. While excluding this study for these outcomes lowered our evidence 
grade strength for CHF, it did not change the overall conclusion. Another unintended 
consequence of requiring these pre-specified comparisons of interest was that some of the recent 
studies of exenatide331-334 and liraglutide251, 335-337

 as add-on therapy to metformin did not fit our 
inclusion criteria. 

We also had strict criteria for including only medium- to high-quality observational studies to 
make the data from these studies more useful in drawing conclusions. For instance, we required 
observational studies to have accounted for confounding by age, gender, race/socioeconomic 
status, and co-morbid conditions. The article could have used propensity score methodologies or 
other appropriate methods to account for differences between groups. In addition, they could 
restrict to one race or socioeconomic status and still be included. By excluding observational 
studies with a higher risk of bias, we included only observational studies that could provide the 
most valid results for drawing our conclusions. This resulted in the exclusion of many 
observational studies of harms, which could have strengthened the evidence base, but this was 
necessary to reduce confounding by indication in these studies. 

We selected key questions focused on intermediate and long-term clinical outcomes through 
a topic refinement at the beginning of this process, which involved input from stakeholders on 
the Technical Expert Panel. Diabetes care is a rapidly growing and very extensive field, and we 
note the omission of key outcomes. For example, we did not collect information about patient-
reported outcomes, such as medication adherence and barriers to adherence, health-related 
quality of life, or treatment satisfaction. These outcomes are important because they may mediate 
the efficacy of treatment outcome, and also have significant value to patients and clinicians. 
Future reviews with methodologies designed to capture many different study designs, including 
qualitative studies, and use of a wide range of measures, are needed to address these outcomes. 
Although we assessed the mean difference in HbA1c between intervention groups in Key 
Question 1, we did not include the durability of HbA1c changes over time as an outcome, which 
may best be addressed using long-term well-designed observational studies. 

Limitations of the Evidence Base 
A major limitation of the evidence on long-term clinical outcomes and rare adverse events 

was the absence of RCTs designed to look at these outcomes specifically. Most RCTs evaluating 
these outcomes were underpowered based on size and duration (generally 12 months or less), 
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and as a result, event rates were low. Often, no events (e.g., deaths) would occur in either arm in 
a given RCT. 

Limitations within the included studies presented challenges to how we reported study 
outcomes and impacted our ability to combine them in meta-analyses. For example, several 
studies failed to report the significance of between-group differences and the measures of 
dispersion, thereby hindering efforts to estimate effect size across trials for intermediate 
outcomes. For the long-term clinical and safety outcomes, many studies would report an event in 
one arm but not in the comparator arm, making it challenging to compare medications. Some 
trials under-dosed comparison medications, limiting our ability to draw conclusions about 
efficacy. Authors of randomized trials often did not describe their method of randomization and 
often did not describe double-blinding, making it difficult to appropriately assess risk of bias of 
individual studies. Finally, many included trials were industry-sponsored, raising the possibility 
of publication bias and other forms of bias, such as selective reporting of outcomes. While 
publication bias and reporting bias generally were not found, publication bias analyses have 
limited power due to the small numbers of studies for any given comparison.  

Additional limitations of the evidence base on long-term and safety outcomes include the 
following: lack of reporting on or lack of active ascertainment of safety outcomes, lack of 
reporting on or lack of an intention-to-treat approach, and short duration. Also, many studies had 
large rates of withdrawals; even if they described them, they often did not use a valid method for 
accounting for missing data. Also, once we applied selection criteria to account for confounding 
by basic factors, we did not identify many observational studies on the long-term and rare 
outcomes. Therefore, high-quality observational studies, including post-marketing studies, are 
needed to strengthen the evidence base, especially given the resource-intense nature of 
adequately-powered RCTs to evaluate these outcomes. 

Research Gaps 
Using the PICOTS framework, we identified several important gaps in the evidence and 

highlight the major ones below: 
• Studies often excluded older adults, racial/ethnic minorities, and persons with co-morbid 

conditions such as significant renal, cardiovascular and hepatic impairment.  
• Studies rarely reported specified a priori subgroups of interest such as older adults, 

racial/ethnic minorities, sex, or BMI. 
• RCTs evaluating intermediate outcomes of glycemic control, weight, and blood pressure 

for GLP-1 agonist comparisons as monotherapy and in combination with metformin 
versus specific diabetes medication comparators were rarely included.   

• We did not identify any RCTs which had all-cause mortality, cardiovascular mortality, 
cardiovascular morbidity, or adverse events as a primary outcome.  

• The evidence base is completely lacking in studies on microvascular outcomes. 
• RCTs for long-term clinical outcomes and rare safety events were underpowered 

(characterized by small sample sizes, study duration generally 12 months or less, and low 
event rates). 

• Studies were lacking for specific safety concerns related to specific drugs (e.g., CHF and 
thiazolidinediones; liver injury and thiazolidinediones; lactic acidosis and metformin; 
pancreatitis with DPP-4 inhibitors and GLP-1 agonists; macular edema and 
thiazolidinediones; hypovolemia, renal impairment and fractures for SGLT-2 inhibitors). 
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• Few studies on intermediate outcomes, long-term outcomes or harms lasted more than 
two years whereas patients take diabetes medications for decades.  

• Few studies compared metformin plus insulin with other specific metformin-based 
combinations.  The comparison of metformin plus insulin versus metformin plus a GLP-1 
agonist is particularly relevant for all outcomes when deciding on an add-on injectable to 
metformin.  

 
Based on these gaps, we make the following recommendations by outcome for future 

research: 
Intermediate Outcomes 
• Longer duration RCTs (>4 years) of all diabetes medication comparisons to determine if 

short-term comparative effects are durable. 
• RCTs evaluating the GLP-1 agonists as monotherapy and in combination with metformin 

are needed. If adding GLP-1 agonists to different background medications, then RCTs 
should conduct stratified randomization by background medication and evaluate effects 
by background medication in their analysis. See methodologic gaps below.  

• RCTs evaluating intermediate outcomes for metformin plus the addition of insulin with 
other metformin-based combinations, and in particular metformin plus a GLP-1 agonist 
would be useful for patients and clinicians contemplating an add-on injectable to 
metformin. 

Long-term Outcomes 
• Longer duration RCTs and higher quality observational studies (>2 years) of all diabetes 

medication comparisons for retinopathy, nephropathy, and neuropathy.  
• Longer duration RCTs and higher quality observational studies (>2 years) of all diabetes 

medication comparisons where all-cause mortality, cardiovascular mortality, and 
cardiovascular morbidity are the primary outcomes.   

Safety Outcomes 
• Higher-quality observational studies for most safety outcomes are needed (i.e., CHF, 

cancer, pancreatitis, hypovolemia, liver injury, lactic acidosis, macular edema/decreased 
vision, renal impairment, and severe allergic reactions). 

• To answer specific safety concerns related to specific drug classes, we also recommend 
the following more focused approach: 
o For CHF and macular edema, more studies are needed which directly compare 

thiazolidinediones with specific classes of diabetes medications directly. 
o For CHF, more studies are needed which directly compare DPP-4 inhibitors with 

specific classes of diabetes medications directly. 
o For pancreatitis, more studies are needed which directly compare DPP-4 inhibitors 

and GLP-1 agonists with other specific classes of diabetes medications directly. 
o For bladder cancer, more studies are needed which directly compare pioglitazone 

directly to other medications, and for thyroid cancer, more studies are needed which 
compare the GLP-1 agonists directly to other drugs.  

o For hypovolemia, renal impairment, and fractures, more studies are needed which 
directly compare SGLT-2 inhibitors with specific classes of diabetes medications 
directly. 
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Subgroups 
• Studies which include older adults, racial/ethnically diverse populations, and adults with 

comorbid conditions (such as renal impairment, hepatic impairment and cardiovascular 
conditions) will allow investigators to conduct subgroup analyses on areas of interest, 
which is especially important for long-term and safety outcomes. 

• Studies with an a priori plan to investigate differences by important subgroups of interest 
(i.e., age, race, sex, and BMI) are needed. 

Methodological Gaps and Suggested Improvements 
Key methodological issues which severely limited our ability to draw conclusions from the 

existing evidence on the comparative effectiveness of diabetes medications include the 
following: lack of reporting on randomization methods for RCTs, allocation concealment, 
blinding, and withdrawals; inconsistent definitions and ascertainment of long-term and safety 
outcomes; inconsistent reporting of safety and long-term outcomes in each study arm; and lack 
of appropriate accounting for confounding for observational studies.   

Based on these methodological gaps, we make the following recommendations for future 
research: 

• Consistent adverse event and long-term outcome reporting for all arms in a study, with 
predefined outcomes and definitions, and a description of methods for ascertainment of 
outcomes 

• Consistent reporting of the number of deaths and other adverse events in each study arm, 
even if there were none 

• Consistent reporting of between-group comparisons of changes from baseline, as well as 
measures of dispersion to improve interpretation of findings 

• Use of clinically-relevant, standardized definitions for microvascular outcomes (e.g., 
incident nephropathy based on eGFR and urine albumin:creatinine ratios). 

• Use of clinically-relevant, standardized definitions for safety outcomes (e.g., liver injury 
>3x ULN) and active ascertainment of these outcomes. 

• For randomized trials: 
o Consistent reporting of the steps taken to ensure randomization, allocation 

concealment, and double blinding  
o Focusing on retention of participants and followup of withdrawn participants if 

possible, especially for deaths and rare safety events (e.g., cancer) 
o If allowing more than one background medication, then stratifying randomization by 

background medication. 
• High-quality observational studies, including post-marketing studies, are needed to 

strengthen the evidence base, especially given the resource-intense nature of adequately-
powered RCTs to evaluate long-term and safety outcomes. 

• For observational studies: 
o Consistent reporting of details of the treatment type, dose, timing and duration of use 

of the medication, when available 
o Appropriate control for confounders (including confounding by indication), such as 

the use of propensity scores  
o Comparison of one medication directly with another medication (e.g., as opposed to 

thiazolidinedione versus non-thiazolidinedione).  
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• Consistent reporting on which medications are allowed as “background” medications and 
stratification of results by the combination therapy (for studies allowing use of 
“background” medications). 

Conclusions 
Although the comparative long-term benefits and harms of most diabetes medications remain 

unclear, the evidence supports use of metformin as a first-line agent due to its beneficial effects 
on intermediate and long-term outcomes (cardiovascular mortality benefit for metformin versus 
sulfonylureas in particular) along with its relative safety. Comparisons of metformin 
combinations showed little to no difference in HbA1c reduction, but some combinations reduced 
weight and some increased risk for hypoglycemia and other adverse events. Each class of drug is 
clearly associated with some common side effects (e.g., hypoglycemia, GI side effects), and the 
evidence on serious, but rare, safety events remains unclear. In the face of this uncertainty, we 
provide comprehensive information in this report about the benefits and harms of diabetes 
medications which can facilitate personalized treatment choices by patients and their clinicians, 
as well as support decisionmaking for payers and regulators, especially as newer medications 
come off patent and become more accessible.  
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